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ducing DX gas for controlled atmospheres hens 

treating are now in use in industrial plants ar th 
p steel industry. Developed by Surface Combu 
LLE gineers to produce an inexpensive gas to 


ontT® 0 costly prepared gases, raw natural or City , Dx 
Cc HERE units Operate On costs from one-third to on er 


your present costs, produce a superior prod and 
finish. DX gas is non-explosive, oxygen-fre« 


qREATING form composition, dehydrated and clean. 


E Existing furnace equipment can easily be ad it 
ps TH the use of DX gas simply by providing a muffle or 
AN Radiant Tube Heating Elements for bright ans g 

DE oA? deoxidizing, normalizing, bright hardening, ¢ 
° ing and for many other purposes requiring cor ( 


atmosphere. DX units are built in standard sizes ¢ 
duce from 300 to 15,000 cubic feet of atmospher 


x GAS gas per hour. SC engineers will explain their appli 
EF & Dp cation to your work and tell you how they will effect 
oO ERS economies and improve quality in your productior 
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MODERN PROCEDURE IN ALLOY STEEL PRODUCTION 


1 Serves f Lv riisement hase ¢ On Timken Met/ ds 


A large, modernly-equipped and well- 





organized chemical laboratory with 
trained personnel working under capable 
executive direction, assures the chemical 
correctness of every heat of Timken 


Steel in accordance with specifications. 


Nothing has been overlooked in making 
possible a maximum number of accurate 
checks during the progress of melting. The 
laboratory is in direct communication 
with the melting floor by means of pnevu- 
matic tubes, telautograph and of course 
telephone. Thus no time is lost in trans- 
mitting test samples to the laboratory, 


and the results of tests to the furnaces. 


In addition to its vital routine functions 
as outlined above, the Timken Chemical 
Laboratory cooperates closely with the 
Research Division in constantly striving 
for the betterment of Timken Steel. 


THE TIMKEN STEEL & TUBE 
COMPANY, CANTON, Onto 


District Offices or Representation in the following « 





Detroit Chicag New York Los Angeles Boston 
Philadeiphia Houstor Buffal Rochester Syracuse 
Tulsa Cleveland Er Dallas Kansas City 
St. Louis Cincinnati Huntington Pittsburgh Minneapolis 
World's Large Prod El r Furnace Steel 
ELECTRIC FURNACE ee eee ee ee ee ee ee 2 ee SPECIAL ANA ysts 
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) Routine 


luspection 


,' of 


Automotive Parts 


By Joseph G. Gagnon 
, Chief Metallurgist 
Hudson Motor Car Co. 


Detroit 


metallurgist in a plant producing that 


\ IMPORTANT PART of the duties of a 
wonderful creation of man’s mind, the 
tomobile, is to establish and supervise routine 
fests that come nearest to checking the service 
rements. Much could be written on this 

ect, and most of it would be pointless unless 
meerned had a vivid appreciation of the 

il significance of the tests imposed. Unless 
have the cooperation of the workman and 
nspector, all our efforts will go for naught. 
\fter a specific unit has been designed, 
ils and heat treatment specified and the 

ts released for production, it is neces- 


ry that the fabricating, machining, and heat 
be checked so as to ascertain whether 


? t #1 


he specifications are being adhered to. 
it in mind, the metallurgist, through his 
ve of the material specified and its serv- 
rements, designates a specific method 
¢, be it chemical or physical or both, 
thinks will best be suited to eliminate 
bility of failure of the part or assembly 
rvice, 


dds and instruments for routine tests 
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shape and sul 


must be selected with the size, 


face condition of the part in view. It so hap 
pens that various tests for hardness have proven 
to be comparisons (somewhat crude, it may be) 
of the true physical properties of the part 
However, they must be resorted to, because the 
only other alternative would result in so muti 
lating the part as to make it unusabl Chem 
istry and heat treatment must be constant so as 
to come within the narrow limits as set up in 
certain physical specifications; these narrow 
limits are not always indicative of service re 
quirements, but may be actuated from an eco 
nomic standpoint. 

It is well to mention at the outset that test 
results are comparable only to that degree of 
accuracy with which they have been made 

Let us assume that an important forging 
such as a transmission gear is being purchased 

The forging company’s representative is 
told by the purchaser's metallurgist that his 
steel supplier is to submit, together with the 
ladle analysis, samples from the heats that will 
be used. The laboratory analyzes and approves 


the steel, and the mill rolls it into whatever se« 


) 








tions have been specified by the forge company. as to warrant separate consideration 


Upon receipt of the bars, additional sam- to say that the common tests used i) 
ples are submitted by the forge company to our are (a) the file, which is a most rapi 
laboratory for additional checks. These are tical tool for hardened surfaces, an: 
supplemental to their own chemical checks. one for inspecting considerable ar 
Duly approved, the bars are fabricated into scleroscope, which is good for tes R 
forgings and the blanks shipped to our plant. ficial hardness without disfiguring 
Before being released to the heat treat for face; (c) the Rockwell, a flexible ny 
normalizing, additional forgings are analyzed, vreat value, especially on semi-fin 
so we can assure ourselves that the chemistry is finished work; (d) the Brinell mach 
to the original analysis. Of course, this pro- most nearly indicates tensile properti 
cedure does not apply to all forgings — only up to medium high hardness (say 17 
those that we consider vital or where service 
and design require it. Tests Other Than for Hardness 
Other forgings made of a definite S.A.F. 
stecl, and not considered vital, are given a Other methods of test, used on repres 
Brinell test, which, by a hardness comparison tive samples sent to the laboratory for st 
table compiled from extensive tests on the same include” tension and torsion — tests 
part and the same steel, gives a_ satisfactory fatigue, macro-etch, McQuaid-Ehn test, 
check on the material in question. Only a cer- salt spray. These are all well known and 
tain percentage are Brinelled, but of course the adequately described in the @ Metals Ha 
forging practice and reliability of the forge shop book, so nothing more than a few remar! 
must be well known — otherwise these latter about precautions need be made her 
tests mean nothing. Tensile and torston tests are affected | 
several variables which should be = carefu 
Purchase of Bar Stock watched, notably speed of testing, eccent 
loadings, damaged knife edges. Often a 
When bar stock is purchased, preliminary bar gives a higher value per unit of ai 
samples from the mill are not required, as the piece from which it was cut could withst 
there are no manufacturing costs prior to receipt in some region due to sharp corners ot 
in our plant. Several bar-ends are taken at mechanical irregularities. The proper p 
random from each shipment, analyzed for the cedure in such a case would be to desi 
several important elements and these are ture to load the entire part so this weal 
checked against the ladle analysis of the steel tion would carry the principal load 
as submitted by the steelmaker. If these agree, Impact Tests —If the part is s 
within the limits set up by the metallurgical varving shock loads, the use of impact tes! 
department, the bars are released for manufac- can be resorted to. It is often more i 
ture. (Should a mix-up occur, spark testing by to have a high impact value than a h 
a competent operator might be resorted to for strength. 
sorting the stock.) Vacro-Etching —One_ of the bes 
In my opinion, some elemental analyses are laboratory testing methods which is « 
just a waste of money and time. Why, for ployed by shop men is macro-etchi 
instance, should) sulphur and phosphorus be usually consists of immersing parts 
checked in alloy steel — or even plain carbon in a hot muriatic acid solution, altl: 
steels? The tolerances allowed the steel com- phuric acid can be used and often ts 
panies are such that these impurities can be event the results are much alike if con 
held within the maximum limits very easily. pure acid is used, and serve three put 
Do not forget that the steel companies have not 1. Surface inspection for seat 
been idle during this past decade, and ineir mechanical marks, scratches, heat tr 
practice in the making of carbon steels is as and even grinding wheel checks. 
vood as was some alloy practice years ago. 2. The determination of flow li 
It was noted above that rough forgings are ings (sectioned and smoothed). 
inspected by the Brinell hardness test. Here 3. Inspection of cross-sections o! 
would be a logical place to describe hardness internal flaws and segregations. 
tests and equipment, but it is so large a subject In most cases the parts after be 
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are examined for flaws, sometimes 


d glass. Remember that much mis- 
can result from poor etching, par- 
fine surtace imperfections are being 
en an etch which removes no more 
2 to 0.004 in. is ample. 
me instances, due to high residual 
hich cause active acid action (an 
high amount of cold work will result 
dition). flaws will be indicated where 
\ flaw existed. This condition cam be 


by heating suspected parts to 700° F 





itching. The lines of working will still 


s but the acid will not eat holes in the 


proper use of this test will often be a 

ste] stone to higher quality parts. 
QYJuaid-Ehn Test for Grain Size — We 
S lor grain size after the steel has been 
ed at a definite temperature, but do not 
account the fact that if the part has 
rely worked and heat treated, the 


grain size might be considerably 


rue, grain size is the controlling 
results such as machinability, harden- 
stortion and physical properties, but 


speak the same language when we 


a given grain size number? I believe 








that much more work can be done along this 
ivpe of routine inspection. 

Salt spray is used mostly for inspecting 
plated ware. Evaluation of corrosion resistance 
is one highly controversial problem, but after 
all, we are guided by field service in the setting 
up of test standards. Judging from my service 
reports, | will say that any part successfully 
withstanding a 45-hr. salt spray will withstand 
the elements over a long period without any 
noticeable effect on the finish. 


Exception is usually taken to the test on the 





Vetallurgical Analysis Booth in Laboratory of Hudson Motor Car Co., Where 
Steels Are Analyzed for Various Alloying Elements and Normal Impurities. 


Ten such booths, with special equipment permanently mounted, are available 


basis that the part is not subjected to salt spray 
in service, but if vou will inspect the outside 
hardware of some cars after a winter's driving 
on streets where salt has been spread around 
to melt ice, or cars in service along the seaboard, 
vou will agree that salt plays an important part 
in the breaking down of plated parts 

The alternatives are to specify a definite 
thickness of plate or a certain amperage for 
definite time. How are vou going to be sure, 
from subsequent inspection methods, that the 
base metal is not porous or improperly polished 
prior to plating? How can you tell, without 
numerous checks, and those only at an economic 


} 


loss, whether or not the plating is uniform 


The answer may be closet 


Inspection of the 
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semi-finished product and laboratory control of 
the plating solutions. What if there is no labo- 


ratory in the plating shop doing your work? 


Routine Testing Prior to Machining 


Ordinarily parts in process of manufacture 
in our own plant require no hardness test prior 
to heat treatment — routine inspection of the 
raw material being suflicient. However, forged 
parts made outside are checked in various ways, 
as outlined above, and released to the heat treat. 
Again referring specifically to transmission 
gears, a definite normalizing cycle is adopted, 
dependent upon analysis and inherent grain 
size, in order to remove forging strains and so 
rearrange the grain structure that it will ma- 
chine as economically as possible and obtain a 
finish acceptable to the inspection department. 

This cycle may consist of heating the ma- 
terial to a definite temperature, holding at that 
temperature for a specific time, quickly cooling 
to another temperature, gradually cooling in the 
furnace to a definite temperature, and then cool- 
ing the rest of the way in air. 

Depending again on analysis, a definite 
hardness is the result of this operation, and this 
is a most convenient method of checking the 
efliciency and uniformity of the furnace work. 
Therefore the shop inspector Brinells a certain 
percentage, say 5‘°, if the previous checks have 
been carried out and the material processed 
according to instructions. This rather small 
percentage of parts tested is permissible only 
when the collaboration of everyone is secured 
who in any way is responsible for the making, 
analyzing, or normalizing of these gears. 

Where forgings are to be quenched and 
tempered (such items as steering arms, spindles 
and connecting rods) and when the chemical 
analysis of the steel may vary within the broad 
S.A.E. specifications, it is necessary to adjust 
the tempering within a wide range, such as 900 
to 1000° F., 


physicals desired. In such cases, the laboratory, 


or such other limits as will give the 


after analysis, will write upon the stock-card 
“paint vellow,” “paint white” or “paint green” 
as the actual analysis of the particular lot may 
indicate. A percentage of the rough stock is so 
identified, and through an understanding be- 
tween the heat treat and the metallurgical de- 
partment the recommended tempering range 
of sav 900 to 1000° F, 
920° F. for yellow painted forgings, 950° F. for 


is adhered to as follows: 


white, and 980° F. for green. However, the heat 


treat operator should Brinell a percent of | 
forgings after the quenching and tem, 
erations; this will serve as an additio 

on the laboratory recommendations, 

him to make suitable corrections hb; 
much material has been improperly proces; 

It might be well to review briefly 
ings that are given physical inspection tests p; 
to being released to the manufacturing diyis 
The instrument generally used is the Bri 
machine, and the percentage of pieces insp: 
is controlled by subsequent machining ope: 
tions, service requirements, and the imp 
of the part in the assembly. 

All normalized or annealed parts d 
require more than a small percentage test 
various recommended cycles have been p: 
erly followed. These would include cast 
transmission and differential gears, and a g 
guess would be that a 5% Brinell insp 
would be sufficient as a maximum. 

Parts which have been hardened and 
pered might require a more varied insp 
percentage. In this group we might i 
steering arms, steering knuckles, conn 
rods, pitman arms, axle shafts, and cranks! 
which would require in some cases as mu 
100°. Brinell test, due to the requirements of | 
part. Again, if the machining operations 
difficult, the hardness tolerances might be 
and that would demand closer inspectior 
with closely controlled chemistry and a 
heat treating, considerable savings can ly 


ed by reducing the percentage of parts tes 


Carburized Parts 


We have not as vet spoken of cari 
parts, so it is opportune that the pro] 
cedure be briefly reviewed. 

Take piston pins: After analyzing 
stock it is released to the automatic departm 
and subsequently to the heat treat, w! 
semi-finished piston pins are packed 
able carburizing compound and test | 
the same material placed in boxes t 
for depth penetration inspection. Af! 
pins have been given a definite heatu 
the test pieces are removed, hardened, 
case depth examined, sometimes with 
reading glass. If the case depth is co! 
parts are either allowed to cool in the b 
quenched direct, depending on the 0| 
that follow. When finally hardened a! 
they will be file tested 100° and pass 
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ng and lapping operations. 


, small percentage may be 


further. 


Inspection of Finished 


Fin 


Parts 


sreatest of care should be 
finished parts are 


If, by 
heat 


x d when 
their final inspection. 

ince, an 
d part should find its way into 
final assembly, it would mean a 
lete disassembly of the unit if it 
vere discovered in the factory. How- 


improperly 


ver. if it should slip through and 


part were a vital one it might be 
means of a serious accident, pos- 
the loss of a life. (In this re- 


SIDIN 


spt 


ct, | pause to say, the production 
have cause for congratulation, 
most traffic experts agree that 
he proportion of automobile acci- 
due to defective material is 
sible.) 


It is obvious that 


dents 


the finish of 
part is the determining factor in 
selection of the type of inspect- 
to 


this statement let us list a 


instrument, and in order 
llustrate 
ew parts. 


First, the Brinell: 


s bolts, spring clips, chassis springs 


Such parts 


d stabilizer bars, which had not 


inspected prior to the final 

machining operation would come 
thin this class. 

Second, the Rockwell: In this 


group would fall some parts that 


id received previous inspection, 


transmission main- 


Su i iS 


gears, 

shatts, rear axle gears, flywheel ring 

gears, bronze bushings and valves. 
Next, the 


in be used 


scleroscope, which 


for camshafts, valve 
ns, piston pins, and other surface 
ardened parts which must retain 

mooth surface. 
illy, the file: 
tool most used in the final 
of 


ed parts, principally because 


This is prob- 
( 


Ns] lon and 


casehardened 


peed and accuracy. Parts so 


would include all cyanided 
bolts, 


shackle 


camshafts. 








Hardness Inspections on Motor Car Parts 


In this list there are several items that are fabricated by out 


side concerns and received in the finished condition. 


That, in 


part, accounts for some of the smaller inspection percentages 


Part NAMI 


Axle center 
Steering 
Steering 
King pins 


arms 


King pin bushing 


Torque arms 
Torque arm pins 


Crankshaft 
Camshaft 
Connecting rods 
Piston pins 


knuckle 


ROUGH OR 
SEMI-FINISHED INSPECTION 


Instrument Percentage 


Front Axle Assembly 


Brinell 100 

Brinell 100 
Ss Brinell 100 
Ss 

Brinell 1) 


Votor and Sub-Assemblies 


Connecting rod bolts 


Valve tappets 


Valve tappet 


adjusting screws 


Valves 


Pistons 
Studs 


Brinell 100 
Brinell 5 
Brinell 100 
Brinell 2? 


Water pump shafts 


Flywheel ring ge: 


Fingers 
Pins 
Pressure plate 


Discs 


Mainshafts 
All gears 


Shifter levers 
Shifter shafts 


Ring gears 
Pinion 
Differential 


side gears 


irs 
Clutch Assembly 


Brinell 2 


Transmission 


Brinell ) 


Rear Axle Assembly 
Brinell 5 
Brinell 5 


side gear pinions 


pinion shafts 
Drive shafts 


Chassis springs 
Shackle bolts 
Stabilizer bars 
Spring clips 
Cast iron parts 
Cyanided parts 
Bronze bushings 
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Viscellaneous Chassis Parts 


Instrument 


LF INAI 


File 100 
File 100 
Brinell 5 
bile 100 
bile 100 
Brinell 10 
Rockwell 100 
File 100 
Rockwell » 
Also Fracture ‘I 
File 100 
Rockwell » 
File »4) 
Brinell 10 
File 100 
Brinell r 
Rockwell ) 
File 4) 
File 4) 
| ile 2 
File 10 
Rockwell 2 
Rockwell rw 
File 100 
File 9) 
File AL 
File 100 
ile 100 
File 10 
File 100 
File 100 
Brinell 100 
Brinell 9 
File 100 
Brinell 5 
Brinell 5 
Brinell 9 
File 2) 
Rockwell » 


INSPECTION 


Pers entage 


Cut h « 


by 
bs 
by 


est 


source ) 
plant 
plant 


it undercut 


outside 


item 








piston pins, gears, king pins and larger parts 
such as mainshafts. 

In the final inspection, the percentage of 
tests is frequently 100% and very seldom less 
than 20°. 

It is sometimes necessary to use two of these 
instruments in the final inspection. This is true 
of the transmission gears, already selected as 
the specific example. You will recall that after 
normalizing, 5°. of them were Brinell tested. 
Satisfactory uniformity being disclosed, they 
were sandblasted and released to the gear de- 
partment for operations such as drilling, broach- 
ing, turning, tooth cutting and burnishing. Fin- 
ished gears are then sent to the gear hardening 
department. Hardened and tempered in ac- 
cordance with heat treat instructions, this gear 
is now ready for a final physical inspection. 

In this case it will consist of the Rockwell 
machine and a file. A gear tooth is “spotted,” 
that is, polished smooth on its outside diameter. 
The gear is then placed in a suitable fixture so 
the prepared surface is square with the conical- 
shaped diamond brale, the load applied, and 
Rockwell hardness read. If within the limits 
it is passed on to the next inspection which con- 
sists of file testing a few teeth on the pitch line. 
If O.K. it is released for final assembly. 

The reasons for these tests are as follows: 

In the first place, the type of steel requires 
a 100° F, 


requirements demand a cyanide dip at the same 


quenching temperature, the service 


temperature, and the tempering was such that 
it did not affect the thin cyanide film on the 
teeth. The Rockwell test is, we believe, the 
nearest approach to a Brinell, and in this case 
it would give us some idea of the depth of hard- 
ness without making too great an indentation. 
The outside diameter of the tooth was polished 
to remove the thin cyanide case and any tool 
marks resulting from the turning operation, and 
thereby obtain an accurate Rockwell reading. 
The file test on the pitch line was to ascertain 
whether the evanide dip had been well done. 
All manufacturers are dependent on some 
outside source for parts whether semi-finished, 
finished, or subassemblies. In order to inspect 
this incoming material properly, a separate unit 
is maintained, whose duty it is to perform such 
inspection as is consistent with the requirements 
of the part. In very rare cases are 100° in- 
spection tests necessary in this department, 
because suppliers, knowing that rejections mean 
loss of revenue and possible loss of business, 


are very careful in their own inspection. 


In summing up, it may be usefu 
late the important parts in the various ass 
blies, the type of hardness inspectio 
percentage inspected in the Hudson 
plant. It is our belief that hardness 
that indicates service results, and th 
properly and conscientiously used, \ 
field complaints considerably. 

Take a steering spindle: If the 
operator carelessly underquenches this 
and the inspector, not on the job, pass 
same spindle in the front axle asse: 
be the cause of a very serious accident! 
same part is not properly drawn, 
disastrous results may occur. 

Or, consider a connecting rod: 
underquenched or underdrawn, it wil 
the result being the complete ruin of th: 

Looking at the table on page 37 
in mind, it will be recognized that s 
quirements were uppermost in mind 
method of test was selected and the p 
inspection fixed. 

It all boils down to this: The spe 
of material and heat treatment are consid 
from two angles; first, design; second 
requirements. In order to assure ourselves | 
the first will be taken care of we sp 
material which when processed will ! 
minimum of attention. 

Secondly, the parts that demand | 
est of care in the selection of materi 
heat treatment and final inspection a 
that would involve property or physical d 


in the event of failure. 


NE 
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Revealing 


the 


Austenitie 
Grain Size 


of Steel 


By J. R. Vilella and E. C. Bain 


Research Laboratory 
l nited States Steel Corporation 


Kearny. N. J. 


\ \ RESULT of the widespread recognition 
[ f the significance of austenitic grain size 
is a factor in steel quality, its determina- 
is become one of the major routine tests 
We by both steel producer and consumer. 
Hitherto these estimations have been made 
upon the steel after carburizing in ac- 
rd with the MeQuaid-Ehn Test; there are now, 
W r, other methods which can be carried 
e easily and’ in a fraction of the time. 

s ill now be described and compared. 
principle, the problem of determining 
size at heat treating temperature that 
correlates with the behavior of steel is 
simple as in other metals, because one is 
vith austenite, a constituent which is no 
resent when the examination is made. 


telvy, however, austenite transforms in 
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Standard Fractures 


such a wav as to reveal its former grain bound 


aries unequivocally. This comes about through 
three circumstances: 

(1) Transformation of austenite to carbide 
and ferrite begins generally at the grain bound 
aries, and may be stopped when the trans 
formed material appears as a thin network 


about the original grains. In hypo-eutectoid 
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and hyper-eutectoid steel, the first step is the 
separation of pro-eutectoid ferrite or carbide 
respectively; in either case, under appropriate 
conditions, the separated material forms a com- 
plete or nearly complete network. In eutectoid 
steel, in which there is no excess constituent, the 
moderately rapid transformation to fine pearl- 
ite (nodular troostite) also starts at the bound- 
aries and may be stopped at that stage; the 
rest of the grains are then induced to transform 
in quite another manner, again forming a con- 
trasting network about the grains. 

(2) When martensite, or moderately tem- 
pered martensite, is etched with an appropriate 
reagent, the orientational differences among the 
parent austenite grains (still sufficiently re- 
flected in the hardened specimen) are revealed, 
and this enables their size to be estimated. 

(3) The fractured surface of a hardened 
specimen (martensite) discloses the grain size 
of its parent austenite. 

In some respects, the fact that the grain size 
of austenite is estimated microscopically upon 
its decomposition products and not upon itself 
is an advantage, for this circumstance permits 
the grains to be outlined by constituents which 
on etching develop great visual contrast with 


the remainder of the grain. 
The MeQuaid-Ehn Carburizing Test 


It was only natural, when the correlation of 
austenitic grain size with the behavior of higher 
carbon, heat treating steels (other than the car- 
burizing grades) was first considered, that the 
MecQuaid-Ehn carburizing test shoula be utilized 
to supply the desired information, as this tech- 
nique was familiar and it had demonstrated its 
usefulness for casehardening steels. This test, 
while undoubtedly useful in its original applica- 
tion, is unduly time-consuming and does not 
always furnish the specific information that 
may be desired. The extension of this test to all 
types of low alloy and plain carbon steels not 
used in the carburized condition carries with 
it the implication that the grain size developed 
in a steel after carburizing for 8 hr. at 1700° F. 
(925° C.) in some way correlates with, or pre- 
dicts, the properties that the steel will possess 
after heat treatment at, say, 1450° F. (785° C.) 
for 30 min. in a non-carburizing atmosphere. In 
other words, these tacit assumptions are made: 

(1) That the introduction of carbon and 
oxygen during the carburizing period does not 
alter, in a significant way, the tendency to grain 





growth behavior characteristic of 


(2) That if steel is fine grained 8 
in the carburizing box at 1700° F, ( 
will also be fine grained when heat 
lower temperature for equal or shor 

(3) That if steel coarsens during R 
it may be expected to coarsen when hy 
in practice, even at considerably lowet 
ture for a shorter period of time. 

Refuting the last assumption fi 
scarcely necessary here to marshall th: 
experience of all that there are many els 
which grain growth germinates at a temperat 
below the 1700° F. 
well above that at which it is actual! 


carburizing temper 
treated. Such steels are either coars: 
or “duplexed” (mixed grain size) on the | 
of the McQuaid-Ehn carburizing test, vet 
of them are uniformly fine grained why 
treated at temperatures as high as 1650 
and possess all attributes of fine-grained 
With respect to the validity of the fi 
assumptions, consider the following 
ment: A section of a steel to which two | 
of aluminum per ton had been added, and 
alyzing 0.56% C, 0.815 Mn, 0.16°% Si, ex! 
after carburizing in the McQuaid-Ehn tes! 
grain size classed as No. 8 on the A.S.T.M. s 
ard chart. Specimens of the same steel 
treated in the absence of a carburizi: 
pound for various lengths of time at s 
temperatures had the following grain sizes 








7empenstiure |\Time ai Temp.| Grein Size‘ 

14.25 F. 20min. 

45 

/8O 90% 7; 10%S 
152. 5 20 . 7. 

180 5% 7; 25% 

F500 25% 7 
1625 20 

45 70% 

180 59 

















These data show marked grain gr 
shorter time at temperatures below 
ployed in the McQuaid-Ehn test in a st 
remained definitely finer grained after | 
burizing test at 1700° F. (925° C.). TI 
us to believe that if the heating to ca! . 
temperature had been exceedingly slow 
burized grain size would have be 
While the behavior of this particula 
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} 


il of the grade, it serves to demonstrate 
of the assumptions implied in the ex- 
f the MeQuaid-Ehn carburizing test to 


table steels can safely be said to be 
very Case. 
vav of summary, it appears that the 


i-Ehn test falls short of being an ideal 
method for the following reasons: 
It fails to disclose the really significant 


~ ( 


namely, that established at the heat- 


! 


y?t 
le for the steel’s properties), which is 


ié 


essarily that produced at the otherwise 


rature employed in practice (and re- 


int temperature of 1700° F 
») By introducing carbon and oxygen it 
ly disclose the grain size of the steel as 
possibly modified, and this is frequently 

same as that of the unaltered metal. 

}) The whole test usually requires well in 
ss of 8 hr. 12 to 16 hr. or even longer. 


Non-Carburizing Methods 


Davenport and Bain in their publication 
eral Relations Between Grain Size and 
rdenability and the Normality of Steels” 
sactions, @, v. 22, p. 879, 1934) have de- 


rse to carburization. 


i¢ 


raves 


d three methods by which the austenitic 


size of steel can be revealed without re- 
The underlying prin- 
is that outlined in the third paragraph, at 
rv outset of the present article. 


hese methods possess three distinct ad- 


(a) There is no danger of modifving 
steel by the introduction of carbon and oxy- 
b) They may closely simulate any heat 
nt, especially as to the significant fac 
Vhich 


d (possibly) rate of heating. (c) A short 


are temperature, time at tempera- 
lv is required to complete a determina 
the grain size. 

only criticisms advanced against these 
that fail to 


the individual grains in the very finest 


are thes occasionally 
es with clarity suflicient to estimate the 
fo an accuracy of a single A.S.T.M. 
and second, they do not vield supple- 
information concerning the “normal- 
ibnormality” of the steel. 
respect to the method proposed in 
mentioned publication for revealing 
size of hvper-eutectoid steel, little 
said. It consists simply of air cooling 
ent specimen from any desired tem- 
the A : 


ibove this is generally suf- 


ol 


carbide which outlines the austenite 


ficient to produce a network pro-cutectoid 


grains un 
In case it is desired to know some 
the of the the 
samplk a be cooled slowly in the furnac In 


some Instances (as when the steel contains con 


mistakably. 


thing about “normality” steel, 


siderable alloy, or is only slightly hyper-cute 


toid) it is sometimes preferable to cool thi 
sample slowly to just above the A, and hold it 
there for several minutes to form the network 


of intergranular carbide. 


The procedure for eutectoid steel as de 


scribed by Davenport and Bain ts as follows 


When the 


steel and has a thickness of about one inch, the 


material on hand is plain carbon 


specimen is heated to the desired temperature 


and quenched in brine. Unless the metal ts 
exceptionally deep hardening, the interior of 
the quenched sample will consist of fine pearl 


ite (nodular troostite), the outside laver will be 


martensite, and at some intermediate region the 
structure will comprise a light etching marten 
sitic background and just suflicient fine pearlite 
at grain boundaries to delineate them clearly 

If the material to be tested is of small cross 
section, or very deep hardening, it Is necessary 
to quench differently, by what may be called 
“gradient quenching.” A longer specimen 
which in carbon steel may be only 1.5 in. long 
by 0.25 in. after heating 
to the desired temperature, is cooled by quench 
Only about 0. in 
the of the 


In this wav a continuous series ol 


or less in thickness 


ing one end in brine. needs 


rest specimen 


to be immersed while 


cools im air. 


cooling rates is produced; the austenite trans 
forms to martensite in the portion that) was 
brine quenched, and to increasing proportions 
of fine pearlite in the region just above Here 


again, it is always possible to find. between the 
fully fully 


section of the specimen in which the austenite 


martensitic and pearlitic regions, a 
grains are outlined by a network of fine peartite 
A method of handling hypo-eutectoid steels, 
to be thre differs 
in some respects from the procedure originally 
By applying 


now described for first time, 


described by Davenport and Bain 
to hypo-eutectoid steels (either carbon ot low 
allov steels) the technique of gradient quench 
above, it is possible, in a single 


to 


ing outlined 


specimen and with one procedure, reveal 


grain size in several ways in a wider range of 
compositions. The specimen, at least 1.5 In 
long and about 0.10 to 0.25 in. thick, 
to the desired temperature and approximately 


Ooo 


is heated 


in. of its length is immersed in brine solu 
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fhove: 0.200 Carbon Steel 


Vetu ork of 
100% 


fustenite Grains Outlined by 


kine Pearlite (Nodular Troostite); 


Below: 0.505 Carbon Steel 


-¢ "4 
+ Lae x4 SS 


J~-ha 
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pe AA RS 


tion while the rest of the specimen cools in the 


air above. Thicker sections may be necessary 


for alloy steels. After the portion cooling in 
the air above the brine is no longer red hot, 
the entire specimen may, without impairment, 
On ex- 
the 


gradient zone it will be found that the prior 


be plunged in the quenching medium. 


amining a longitudinal section covering 
austenitic grains stand revealed in one place or 
another, either by a network of fine pearlite or 
by a network of pro-eutectoid ferrite. 

ypical results obtained upon specimens 
carbon are illustrated 
Attention 


the distinctness of the network obtained in these 


containing 0.20 and 0.50 
by figures on this page. is called to 
un-carburized steels, one of them containing as 
low as 0.20°. carbon. These micrographs might 
easily be mistaken for McQuaid-Ehn test photo- 
graphs of carburized steels, the light colored 


{bove: 0.20% Carbon Steel 


{ustenite Grains 


Below: 0.50% Carbon Steel 


aw * ’ . 
_ + i. 
Ne 


} n= a 
a we 
Pe. 


By 
7 TONES 


s 7 


the 


etched with sodium picrate, and thi 


ones resembling hyper-eutectoid 
ored ones the same field etched with 
Actually they 


true austenitic grain size of single sp 


nitric acid in alcohol. 


hvpo-eutectoid steel with a 
either dark or light depending upon 
tion in the “gradient-quenched” specu 
etchant is a 4‘- alcoholic picric acid 
Gradient quenching has the ads 
automatically providing two zones In 
the 


network, 


men where grains are outlined 


tinuous either of ferrite 


nodular pearlite, and a_ third, or 
bel 
therefore unnecessary to pre-det rm 
hold at 


mediate temperature to develop the 


zone, to be treated as described 


timum cooling rate or to 
| 
cit 


work; somewhere in the specimen the 
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Network of Free Ferrite; 100X 


! 
| 





network 











have been reached automatically. 
is containing in the vicinity of 0.70% 
xhibit a network of fine nodular pear!l- 

















ca 
ite sradient-quenched, but since they are 
et y eutectoid in composition, the separa- 
tic : continuous ferrite network is not to 
be ted even in the slowest cooling part of 
the imen, unless it be inconveniently large. 
If, f inv reason, a ferrite network is desired, 
it be obtained in another specimen by very 
sl oling. The same applies to the higher 
all hyvpo-eutectoid steels. 

\Martensite Etching Method 

s often desirable to know the austenitic 
ora size of steels already quenched, or 
quenched and tempered. Hitherto this has not 





been practicable, for the ordinary etching meth- 





ods disclose only the needle structure of mar- 





Likewise there has been no satisfac- 


tensile 






tory way of revealing austenitic grain size of air 





hardening steels except by very slow cooling. 





here has long existed a strong presump- 





tion that the texture of the fracture of fully 





hardened (martensitic) steels, as estimated by 





1 trained eve, Gives a measure of the coarseness 





or fineness of the prior austenitic structure. B. 





fF. Shepherd, in his paper “P-F Characteristics 
of Steel” (Transactions, @, v. 22, p. 979, 1934) 


strengthened this presumption by demonstrat- 







ing that the fineness or coarseness of the texture 






observed in the fracture of martensitic steels 









correlates with the heating temperature and 





rdenabilitv of the steel in precisely the same 





iy as has been shown by the present authors 





austenitic grain size measured micro- 





SCO] lly This similarity emphasizes the 





that when austenite is converted to 
site, the same grain size (or at least a 
gra rientation closely related to that prevail- 


i the austenite) is transmitted to the mar- 
sitic structure in other words, the facets 
bs d in a martensitic fracture are derived 
from the original austenitic grains. If 

‘ reasoning is valid, an etching reagent sensi- 


igh to differentiate among grains differ- 
riented should be discoverable. 

this in mind, a search was started for 
eagent. Thus far, the best results have 
tained with 1 gram picric acid, and 5 
entrated hydrochloric acid, in 95 ce. 
hol. Etching is by immersion at room 
ire and generally requires from 5 to 


wo or more slight repolishings (con- 
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suming about one minute each) followed by 
re-etchings usually help to develop the structure 
clearly. While this reagent is capable of bring 
ing out the austenitic grains in fully hardened 
and untempered steels, it acts best when the 
steel is slightly tempered; 15 min, at 400 to 600 
F. (200 to 300° C.) is generally suflicient. 

This reagent satisfactorily discloses the 
prior grains of austenite in plain carbon steels 
(O40 to 0.955 C) and low alloy steels contain 
ing chromium, molybdenum, manganese, tung 
sten, or nickel, as well as various combinations 
of these elements. It has also proved its ability 
to disclose the grain size of steels quenched 
from a wide range of temperatures above the 
critical range. Typical results are illustrated 
in two figures on top page 44. 

The photomicrographs illustrating this at 
ticle indicate that it is possible to approach, by 
this etching method, the sharp and unmistak 
able definition of the grains generally obtained 
by the MceQuaid-Ehn test or by the non-carbu 
rizing methods. Like the other non-carburizing 
methods, it possesses the merit of revealing the 
grains established at any temperature without 
altering the characteristics of the metal by the 
introduction of carbon and oxygen. It can be 
carried out in a very short time, requiring only 
the brief heating period employed in regulat 
practice followed by quenching, or quenching 
and tempering. At its present stage of develop 
ment this method is properly used: 

1. As a very rapid method to accompany 
the examination of fractures, particularly in 
allov steels of the air hardening class. 

». To reveal the size of the grains in steels 
already hardened, or hardened and tempered. 
3. To aid in the examination of eutectoid 
steels when Davenport and Bain’s method fails 
to outline the grains satisfactorily. 
Austenitic Grain Size From Fracture 


It has been mentioned that a correlation of 
the properties of steel had been made with the 
coarseness or fineness of its fracture when in 
the martensitic (hardened) condition. As early 
as 1926 this relationship was used as a quanti 
tative measure of certain aspects of steel quality 
at the Uddeholm Steel Works in Sweden. At 
first only five recognized grades of fracture were 
employed but later the work was extended 
through the supervision of Jernkontoret, the 
Swedish Iron Masters’ Association. In 1927 a 


ten-step scale was recommended as a suitable 





fustenite Grains in LUntempered Martensite (Left) and in Slightly Tempered 
Viartensite (Right) as Revealed by Picric-Hvdrochloric Acid in Alcohol; 100% 





measure of tool steel quality and sets of stand- 
ard fractures in 22-mm. square bars were made 
up under the direction of Ragnar Arpi. These 
bars covered the full range of coarseness and 
fineness usually encountered, by steps which 
to the eve appear evenly spaced. That they are, 
in fact, evenly spaced will be shown below. 

In America, Shepherd employed two crite- 
ria jointly, namely, hardenability and appear- 
ance of fracture, as a measure of the probable 
suitability of steels for certain purposes. He 
prepared a reference set of graded fractures in 
which the entire cross-section was hardened. In 
his practice, to gain an adequate impression of 
different bars of steel he generally hardened 
specimens of definite section from four heating 
temperatures, 1450, 1500, 1550, and 1600° F., and 
secured thereby a pattern for the coarsening of 
the steel at increasing temperatures. The frac- 
ture was compared with his reference set, 
(which proved to be very similar to the Swedish 
standards). The latest standard fractures, 
hardened throughout in both cases, of Shepherd 
and Jernkontoret, numbered serially 1 to 10, are 
shown full size in the half tone at the head of 
this article. Careful comparisons show that 
the two scales may be regarded as identical for 
most practical purposes. 

It will by this time have become almost ob- 
vious that there is a marked degree of parallel- 
ism, more than purely fortuitous, between 
coarseness of fracture and the grain size of the 
austenite which existed in the specimen before 
it was quenched and broken. This relationship 
proves to be closer than was at first supposed, 
for, as is clearly shown in the micro on page 45, 


the path of the fracture, when martensite 


breaks, follows the boundaries of the p: 
tenitic grains. 

As shown by the graph on the same | 
the estimation of a great many fractures s 
a linear relationship between the Shep 
Jernkontoret fracture numbers and 
tenitic grain size (as determined by 
carburizing methods discussed above) 
sible for the fracture appearance. It shoul 
borne in mind that the eve is able to ar 
mean value of the coarseness of a fract 
that for correlating fracture number wil 
tenitic grain size the mean value of t! 
should be used. Thus if a specimen 
curately rated 65° No. 6 and 35 N 
(A.S.T.M. scale), then its mean grain si 
be about 5.3 and it would exhibit a grain s 
the fracture scale between 5 and 6 

There is one interesting fact about es 
ing prior austenitic grain size by fract 
eve Is more sensitive to slight changes 
ture appearance than is the correspond 
mation on the microscope of mean g! 
Experienced observers of fractures will 
within one-half, and often within on: 
of a single step in the fracture series 
probably no urgent need even for as 
steps as exist in either the A.S.T.M 
rating or the fracture rating, since th 
ties that are reflected by grain siz 
greatly modified by small changes. 

A word should be said about the 
appearance of specimens having a non 
Actually there 


large facets mixed with the fine on th 


or mixed grain size. 


’ 


surface, but the eve does not at once 


this unless the fracture is fairly coarse 
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fluence is exerted by the few coarse 


Nevertheless an experienced observer 









‘a 

' fy mixed grain size very reliably from 
f, ippearance with a little practice. 

| verv few anomalous cases considerable 
eX] e may be necessary to estimate actual 
sain size from fracture. The most notable of 
th the case of an austenite which at ele- 
va mperature coarsens abnormally, having 
be hibited until the high temperature is 
rea fhe surface of each grain is then 
slig matte not brilliant — suggesting a fine 
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Comparison of Jernkontoret and Shepherd Scales 
Fracture Grain Size Indicated Them to Be Equiva- 
Within the Limits of the Black Band. Circles 
above diagram correlate these fracture grain sizes 
austenitic grain size of individual samples 


letermined by the new microscopic methods 


size, While the large grain size is also 
nt from a faint glimpse of large facets 
s easy and practical to combine a hard 
test with an evaluation of grain size 
ire, as has been done by Shepherd. A 
Nandard size of the test specimen must be 
ind rigidly maintained, and the frac- 

mined at the rim, fully hardened or 

tly martensitic. The depth of this rim 
rcasured (by 614ths of an inch in Shep- 
hnique) after it is rendered visible by 
Shepherd 


} . ° 
he reported in order to classify certain 


recommends that eight 


carbon steel as to their suitability for 
parts. The first four numbers are 
hardened zone in 64ths of an inch 
ching from 1450, 1500, 1550, and 1600 
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. respectively, while the second four numbers 


are the fracture numbers of the respective hard 
ened zones. It should be stressed that the in 
formation secured by this P-F test (P repre- 
senting penetration of hardened structure and 
FF the fracture rating) goes far toward giving a 
full account of the nature of carbon steel. “Nor 
malitv” or microscopically observed grain size 
is often superfluous. Obviously alloy steels may 
harden throughout such large sections that the 
hardenability feature (P values) is inapplhi 
cable; the fracture rating is still valid, however. 
The most rapid examination of a steel for 
significant grain size characteristics consists of 
first rating the fracture; if the size is uniform 
the A.S.TLM. grain size nas be reported at once, 
but if the fracture shows the probability” of 
mixed grain size it Miay\ be polishe d., etched and 
rated microscopically hy the standard chart 
In summary, there are therefore at least 
three methods, which do not involve carburiza 
tion and possible alteration of the steel, for the 
estimation of true austenitic grain size hese 
methods are short and direct, and enable the 
metallurgist to measure the grain size estab 
lished at anv heat treating temperature, which 
in large part controls the final properties of the 


heat treated article. 





Hardened 


sample broken by impact, hoth ends of fracture re-fitted. 


Intergranular Fracture in Martensite 


polished and etched with new martensite reagent, LOON 
Fracture under slowly applied stress ts also intergran- 
ular. an evident reason for the close correspondence 
between estimates of fractured surface and measure- 


ments of austenitic grain siz nith a MmIiCcroscopH 








Sheet Metal 


appraised by 
Hardness. Ductility 


and 


Grain Size 


By Ernest E. Thum 


editor, Metal Pr ogress 


RIOR to the writing of specifications for 
sheet high brass by the American Society 
for Testing Materials, a careful study was 
made, by leading producers and consumers, of 
testing sheet non- 
John R. 


Laboratories, 


all available methods for 


metal. As summarized by 
sell 


“Whereas the Rockwell hardness test was adopt- 


ferrous 


Townsend = of Telephone 


ed as a preliminary inspection test, the tension 


test was considered the basic test upon which 


the acceptance and the rejection of the mate- 


rial was based. Sheet brass, for example, is 


used for a variety of purposes and here the 
essential characteristics that are important are 


strength, hardness, wear resistance, spring 


properties, ductility and corrosion resistance. 


Experience has shown that if the chemical com- 
position limits are met, either the hardness or 
tension test limits will adequately control wear, 
corrosion resistance, ductility, formability and 
a host of machining operations that must be 
performed upon the material. It is incompat- 
ible that sheet brass meeting the chemical, hard- 
and tension tests would show high 


Hess, any 


degree of variability in the other properties.” 
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Photo by Margaret Bourke-W hite for kdward G. Bu 


It has been held by 


engineers that sheet steel (even deep 


competent 


stock) of good surface appearance car 


quately controlled by chemical com 
size, hardness 
Round-tabl 
sions and a number of technical papers 
Transactions © 


how ever, 


heat treatment, grain 


strength and elongation. 
and Proceedings 


have, developed no unat 
opinion as to the use of either thi 
test or the tension test for judging th 
ity of sheet steel for various 
recognized, of course, that any careful 
of testing and the placing of close a 
limits will tend to improve the cont: 
steps in a manufacturing process, and 
the 


though by quite indirect means. 


tribute to successful use of mi 


Hardness (stiffness) should be 

by the indentation test most suitable t 
of metal. The harder the metal the m 
ance is necessary between punch and « 
the 


justed as the metal becomes hardet 


blank-holder pressure will have 


press operator is helped by advance k 
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LS 


purposes 
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tate 





wrdness of each lot he has to run, and 
num range of hardness will be de- 


t] 
; by experience. When thus determined 
f, viven job, tests of each shipment will 
ime its suitability for the use intended. 
Fit because of this, or because of its con- 
ve hardness is widely used to check 
va stages in production of sheet steel and 
cole led strip, where the analysis of the steel, 
the it is finished, the rolling temperatures 
and annealing temperatures are under control. 
problem of getting the correct hard- 
ness of thin sheets has not vet been solved. 


Usually Rockwell B seale readings are made 
on single sheets down to a limiting thickness and 
on thinner gages using more than one thickness. 
Re id L 


ing thickness depends on hardness, as follows: 


Kenyon has determined that this limit- 


Hardness Thickness 


B-20 0.040 in. 
B-40 0.036 in. 
B-60 0.032 in. 
B-80 0.027 in. 
B-100 0.023 in. 


thickest showing a 


bulge on the underside, and the thinnest one 


This is the specimen 
that gives accurate hardness tests corresponding 
to deviations of two Rockwell numbers from 
the hardness of thicker pieces (about the limit 
of accuracy of plant inspection). One consumer 
has checked this in practice, successfully con- 
trolling 


large tonnages of high carbon, cold- 
rolled strip 0.025 in. thick in severe forming 
perations between B-75 and B-8&82. 

Whenever two or more sheets of smaller 
thickness are piled before test, this fact should 
be noted on the report for whatever interpre- 
Whether the 


Standard anvil or the diamond anvil is used 


tation the reader cares to make. 


should also be noted, It is important that the 
shear-burr be removed before piling and the 


pieces be clamped together so they will not 
shift between successive tests: otherwise results 
discordant by as much as 10 to 15 points. 


en though the results on smaller thick- 


esses are not comparable to the results ob- 
‘ained on the heavier gages, they are in many 
S es entirely applicable to the purpose at 


For a given thickness of material in 


the same hardness range, the “anvil 


vill be reasonably constant. Of course, 
‘SS Is a somewhat arbitrary convention; 
Jer is that some consumer may specify 
well hardness on thin metal without 


illowance for the fact that the result 


will be affected by the so-called anvil effect, and 
will not indicate the same condition of the metal 
as an identical test on heavier gage metal 

Many manufacturers and consumers have 
come to the conclusion that no one test is able 
to indicate ductility of sheet steel so as to be 
correlated with workability in the press shop, 
and have adopted combination tests which bear 
a useful relation to their specific problems. As 
one leading metallurgist put it: “For years it has 
been my confident belief that various laboratory 
tests can tell us more certainly the quality of 
steel sheets for automotive stampings than the 
usual report from the press operator, whose re 
sults are varied so greatly by tightening on 
screw and loosening another. After a suflicient 
length of time the press operator can try all the 
variations and eventually get the correct answer 
In the end he will agree with our laboratory 
tests. Our experience is that we can tell how 
steel sheets will work in the stamp press by 
combined use of the Rockwell and cupping tests, 
and buy our sheets on such a specification.” 

In order to develop facts concerning present 
practice a third round-table discussion on duc 
tility testing of thin sheet metals was held in 
Detroit during the 1935 annual meeting of the 
American Society for Testing Materials. Mimeo 
graph notes of this meeting are now available 
for summary. The meeting was sponsored 
jointly by the Section on Testing Thin Sheet 
Metals (C. H. Marshall, chairman) and _ the 
Section on Bend Tests for Ductilitvy (A. B 
Kinzel, chairman), and the details in arranging 
the meeting and preparating the summary were 
made by A. L, H. Greenall. 

It developed that the Erichsen and the Olsen 


Davis and ¢ 
cup tests were regarded by steel producers as 
supplemental to hardness tests, and normally 
made only when specified by the purchaser 
Tests have been carried out by the section of 
Committee E-1 on cup testing, and indicate 
concordant results from a 


reasonably given 


machine and operator. Where specifications 
are to be operative and if values obtained by 
producer must check with retests by the con 
sumer, it is desirable to exchange samples and 
determine the coordination constant for thy 
machines in the two laboratories. It is impor 
tant to reduce all samples for cup test to an 
equality of surface condition by oiling, if need 
be, and wiping off to leave a slight film 

In many instances the test is used principal 
lv as a rapid method of determining directional 


properties and grain size. Another view is that 
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cup tests vield a variety of information other- 
Wise requiring several tests. Thus the position 


of break indicates whether failure is liable to 
result from cracking (if parallel to the direction 


of rolling) or from tension (if across the direc- 


tion of rolling). The pressure to draw a cup 
of unit depth also measures the tensile strength 


or Rockwell hardness, and the smoothness of 


the cup indicates grain size. 
the standard 


tensile test as a measure of the deep drawing 


The theoretical objection to 


quality of sheet metal is that the metal has two 
degrees of freedom in the tensile test (width and 
the 
Thus, quite different con- 


thickness) and only one (thickness) in 
drawing operation, 
ditions exist, and the restraint of lateral move- 
ment in the drawing operation will affect the 
depth of draw before rupture. The lower the 


compression yield) point, the more favorable 
it is to deep drawing, other properties being un- 
changed. The greater the compression vield 
point the higher the tensile stress, and the great- 
er the pressure required on the drawing punch. 

The effect: of 
different can be 


tubes in a 


simultaneous stresses along 


axes illustrated by tests on 


tensile testil 


J 
1g 


machine, exposed to 
either tension or compression while under in- 
ternal pressure. The apparent ductility of the 
tubes is profoundly affected by the tension or 
compression. With a certain amount of tension, 
they will rupture without appreciable reduction 
of area. With suitable compression great ex- 


pansion can be produced ——even to complete 
flattening to the shape of a eymbal. 
Some had Sachs’ 


“wedge-draw test” where a tension coupon with 


work been done = on 
one wedge-shaped end is mounted in a testing 
machine. The fixture at the wedge-shaped end 
is a die and the tension forces either pull the 
spreading end through or break the specimen 
Friction along the edges 


=~ 


in the parallel portion. 


of the wedge and the tendency for the metal to 


thicken up more at the edges than near the 
center during the draw, introduce serious dif- 
ficulties that have not been overcome. Con- 


ceivably the use of roll dies with grooves suited 


to a test specimen not greatly wider than its 
thickness might solve these difliculties. 

In a leading brass mill the Erichsen cup- 
ping test is being used, not primarily for the 
sake of getting the depth of cup, but to note 
very quickly the size of the grain as indicated 
by the appearance of the apex of the cup. This 
is a quite satisfactory method. In non-ferrous 


allovs there are a number of correlated variables 


Vetal Progres s: 





affecting the performance of sheet m 
given service, particularly the thicknes 
sheet, the anneal or grain size of the n 
alloy, and the temper due to cold roll 
the 
those taken 
Such the 

in the mill the cup test is used to v« 


anneal. In a study of each alloy 


variables must be into 


studies are made in laborat: 
advantage as a rapid test for grain, o1 
texture, of the apex of the cup. 

The tensile test and chemical com; 
used to control sheet aluminum 


When the 


machine is used, little attention is paid 


are 


alloys. Erichsen ductility 


depth of the cup; it is simply a standard m 


for deforming metals to determine, by 


examination, the size of the grains; th: 


results check the temper or degree of anneal 


lf 


The thinner the material, the less relial 
percentage elongation in the tensile test be 
as a criterion of the workability of thi 

the vield strength tells better whethe: 

the annealing has been done properly, and 
a little 
material will perform satisfactorily whe 


more accurate check on whetly 


jected to drawing operations than do 
elongation or the cupping test. 
Sheet affected in 


properties by the rate of loading. 


mec 
or 


son, the most useful tests have been thos: 


zine is its 


apply the stress at a rate similar to that 


occurs In commercial drawing and 


operations rather than the tensile test wl 
carried out at a comparatively slow rat 
ormation. 


The A. S. T. 


rolled zine include the dynamic ductilit 


M. standard specification 


~ 


i] 


«t 


ti 


\ 


this 


forn 


S 


which attempts to reproduce practical rat 


deformation. <A series of cups of incre 
depths are pressed into a test strip in a 
press operating at 90 strokes per min. a 
depth noted “where the drawing of thy 
of the cup has just caused ‘necking’ of 
face prior to rupture.” 

that it sti 


prac (1 


deticient in 
the 
perience does not indicate a satisfactoril 
thre pp 


This test is 


rather than flows metal and 


correlation between this test and 


ance of strip zine in such drawing ope! 
as the drawing of dry battery shells. | 
quently, metallurgists in the zine indus! 
leaning towards the use of commercial « 
tools in a commercial drawing press. 
For control work, it is found that 


composition of zine (Continued on pr 
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Peawability = 


of Sheet Steel 
By H. J. Gough 


Condensed from 1935 Report, 


National Physical Laboratory 


D) LING the vear past the research of the National 
ysical Laboratory into tests for materials used 
pressing operations, and in particular the 


the fluid pressure cupping test, was dis- 


before several societies, 
he most important part of the work was the 
ental examination of the fluid pressure test, 


to determine whether it was likely to be use- 
liscriminating between materials which were 


it ctory and unsatisfactory in regard 


to deep 


“x properties. The materials used comprised 


‘ ineous commercial sheet metals from. the 
iboratory stock, materials obtained from industrial 
s in view of their known performance in 


cold) pressing operations, and a series olf 


non-ferrous sheet metals. The machine 
st available for the oil 


vy machine 


presentative 


pressure tests was a 
arranged for making tests on the 
riginally suggested by Jovignot. In this ma- 
the sample under test is clamped between two 
dies and oil pressure is applied to one side 
sheet 
ii the 


the maximum 


rhe sample deforms into a spherical 


pressure Is increased until fracture 


oil pressure and height of the 
e recorded Phe ductility of the test sample 
essed by a “cupping coefficient,” equivalent 


nerease in surface area of the sample pet 


rge proportion of the available samples 


to the 


i permissible oil pressure being about 2000 


Lt tne 


tested in this machine, owing 


rder to carry out tests on the thicker mat 
ttlable, the oil 


the figure was designed and constructed for 


pressure cupping machine 


il Wo! king pressure ol 11.000 psi an auto 


. recorder was continuous 


arranged to give a 
the height of the dome or cup against the 
ressure throughout each test. The test piece, 
Vv clamped between the top tace of the pres 
nber C and a hard steel die B, by 
head H As the head 


the test sample is renewed, it is made in 


SCTeCWINAE 


has to be removed 


onnected by a bayonet fitting. The pres 


ber Cis filled with oil. to which pressure is 


4 









wy’ 
1 — 
Pc \\ 
> VW) 
Cc \ Vy 
r— ¥ 
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7 nme meme 
by 
os 
» 





leading to an tntensifies 


applied through the pipe A, 


Phis 


pressure is transmitted to the recording appa 
ratus through the pipe E; increase in pressure moves 
the recording pen along the drum on which a chart 


is fixed, while mcrease ol dome ol 


the height of the 
the test sample causes the drum to revolve Phe re 


cording pen is fixed to the end of a small plunger I 


and when pressure is transmitted to the eyvlinder G 
this plunger is pushed along the eyvlinder against the 
resistance of a calibrated spring S \ lizht rod R 
vuided vertically, rests on the center of the test prece 


increase in the height of the spherical dome of the 


test piece rotates the drum D by means of the rod R 
and the cord K 

Analysis of the results of the investigation 
showed that the cupping coeflicient, while indicating 
narked differences in ductility of vartous metals, wa 
of no real value in discriminating between somewhat 
similar materials which were known to behave sal 
iStactorily and unsatistactorily, respectively, in prac 
tical cold pressing operations It was found, ho 
ever, that the calculated bursting stress in the ol 
pressure cupping test, obtained by means of the 
ordinary ftormula for the strength of thin spherical 
shells, agreed in many cases with the ullimate str 
obtained in an ordinary tensile test Lo most inter 
esting feature of the results emerges trom the dta 
erams connecting height of dome with oil pressure 
obtained with the autographiec recording apparatu 


\ number of these diagrams were replotted a tre 
superficial strain curves, and with certain ripple 
of mild steel and = stainless” steel, dillerence i! 
practical cold pressing work were clearly rellected 
in the complete stress-strain curv 

It cannot be stated, from the general results of 
the investigation, that complete stress-strain curve 
from oil pressure tests always discriminate bet 
satisfactory and unsatistactory materials: neverth 
less, it is concluded that valuable information wit! 


regard to the suitability of a metal for cold pre 


can be obtained from these curves, since they pi 
real knowledge ol those plasti ali ! rt 1) pl pert 
of a metal which are So directly involved in cold 


per SSInL Ope rations 
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A Bend Test 





Tinplate 


By C. C. Willits 


Vetallurgical Engineer 
Continental Can Co. 


Canonsburg, Pa. 





made of metal, has been refined to closer 


and closer limits. This tightening up of speci- 
fications has been continuous over several years. 
A major problem facing the technologists in the 
can companies and steel mills has therefore 
been the question of how to measure quanti- 
tatively the required physical properties of tin- 
plate, the basic material. It is most desirable 
that some tests be devised that can be performed 
at the mill and thus avoid the shipment of un- 
satisfactory material. 

Unfortunately, tinplate, especially the 
lighter gages, does not lend itself readily or 
reliably to methods of determining physical 
properties suitable for heavier sheets and plate 
(and it is no secret that even the so-called deep 
drawing stock cannot yet be accurately ap- 
While there are 


several methods of testing tinplate now em- 


praised by laboratory tests). 


ploved by the industry to guide them, none of 
them, either singly or jointly, fulfill the require- 
ments; too much remains to be determined un- 


der actual operating conditions at the factory. 


RODUCTION of tin cans and containers, 


like almost any other item you can think of 














After several years’ contact with this p1 
lem the present writer came to the conclus 
that data of the greatest practical valu 
be secured from that testing machine that 
come nearest to subjecting samples to s 
and deformations similar to those to whi 
plate is subjected in commercial operations 
properly indicate the nature and the mag 
of those strains, their effect, and the efi 
the deformation on the test specimen. |! 
chine that eventually met these requ 
most nearly was a bending machine des! 
test wood veneer and cardboard. It !s a G 
machine designed by Martin Nauman 
principles laid down in 1915 by Professo 
ner, an authority in the paper industry 
testing machine specimens of a standa! 
and length are bent, primarily undet 
singly or repeatedly through an angle o! 
stress-strain curve being automatically 
if desired. 

It soon became evident that this ! 
had very interesting possibilities. Beca 
was its first application to the testing 


plate, there were no data available to 
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hing standards; consequently, it) was 
ry to work backwards, as it were. In 
rse of time good, fair and poor tinplates 
wes, makes, and treatments were tested 
results carefully studied. Once this pro- 
was well under way and sufficient data 
n collected and correlated for any one 
t was found that the suitability of a lot 
late for a stipulated purpose could be 
quickly and quite ac- 

™ Clamp so frranged curately determined. 
hat B g Produces Noth- A front view of 
us hingin Test Piece the machine is shown 
at the head of this ar- 





Bo | ticle. It is neatly and 

- well built, about 30 in. high. 
ei Specimens of tinplate, 2 

AG | - in. wide by about 4 in. long, 

{ act AN are gripped in clamps on 
TLY iit \ the face of the dial. At the 
: laot"| beginning these clamps and 
\ the specimen are vertical; 

\ their construction may be 


visualized with the addi- 


tional aid of the adjoining 





~ sketch. Clamp A is fixed 
to the face of the upper sec- 
tor which in turn is at- 
7 tached to a shaft extending 
1B backward through the 
—4 | standard (axis at O) and 





keved to a pendulum at the 
rear. Clamp B is fixed to 
the face of the lower sector, 
also pivoted about the same center O, but hav- 
ing gear teeth on its edge meshing with a hand- 
driven worm just below. 
(lamps © and D are movable so as to 
mmodate specimens of different thickness, 
ind so governed by pins and 45° slots that the 
end clearances are always equal to twice the 
thickness of the specimen. The other clamps 
1 and B have sharp ends closely abutting at the 
r of rotation of both sectors, so all def- 
ormation in the specimen as it bends is of a 
stretching nature and the bending radius is al- 
equal to the thickness of the specimen. 
\fter the specimen of tinplate is fixed in the 
s, edge-on to the sectors, the hand wheel 
S ed slowly, moving the lower pair of 
The stiffness of the 


inder test tends to turn the upper pair of 


counterclockwise. 


s through a similar angle, but this is op- 


by the action of gravity on the pendulum, 


to the upper sector. The deflection of 


the pendulum is therefore a measure of the 
torque required to bend the specimen. This 
deflection is indicated by a pointer operating in 
front of a semi-circular scaleplate on the front 
of the machine. 

The actual angle of bend of the specimen 
will depend on the relative positions of clamps 
A and B. This angle is indicated on a circulat 
scaleplate, also on the front of the machine. By 
an arrangement of flexible wire cable and pul 
levs operating a pen and a drum, both torque 
and angle are recorded in the form of a curve 

the torque horizontally, by virtue of the ro 
tary movement of the drum, and the angle ver- 
tically, by up and down movement of the pen. 

While the pendulum and the clamps may 
be operated through an arc in either direction, 
most of the more important information this 
machine will furnish about tinplate is obtained 
during counterclockwise motion between bend 


angles of 0 and 90 


Results on Tinplate 


Some of the autographic curves for a few 
common varieties of tinplate will now be dis 
cussed, and will show that it is easy to dis 
tinguish them as to their reaction to repeated 
bending. Representative micros are also in 
cluded, all cross-sections being cut longitudi 
nally or parallel with the principal rolling 
direction, and magnified 100 diameters 

Autographs 1L and 1T (page 52) were 
made from two samples cut, respectively, longi 
tudinally and transversely to rolling direction 
from a 3l-gage (0.0109 in.) bessemer tinplate, 


~ ao 


hot pack rolled and box annealed. Curve 1, 
autograph 1L, is the initial bending curve for 
the longitudinal sample. Starting with clamps 
and pendulum in a vertical position, the pen 
records a straight line O-X at a small angle to 
the load ordinate. At X the ratio of angle to 
load changes and the curve makes a sweep up 
wards to the point of maximum load when the 
sample is bent 90° and motion at the hand wheel 
is stopped. 

That there is a very marked change at som 
point X in the angularity of the curve must In 
dicate that the specimen has been overstressed, 
either in part or all of its section. Microscopi 
study of bent sections of numerous samples rep 
resenting a wide range in quality of commercial 
tinplate has shown that a very ductile sample 
will show much grain distortion and strain lines 


in its top surface lavers, whereas the balance of 
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the section is apparently normal. On the other hand. 
brittle piece may show actual rupture of an outside s: 
the balance of the section badly overstrained. Thy 
IL. is a fairly good example of the former type. Its fa 
slowly progressive, requiring numerous repeat-bends 
Continuing now with the description of the ope: 
produced autograph 1L: When the sample has been by 
for the first time, the pen is removed from the drum 
operation of the hand wheel reversed. The pendulu 
back to the vertical position, or zero torque, is locked 
position, and the upper clamp thereby held vertical 
continual motion of the hand wheel forces the lowe 
unbend the specimen and bring the lower clamp als: 
original position, All moving members of the machi 


now been brought back to starting position, the pen 
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IL and 1T (Above): Box Annealed Bessemer Tinplate; 31-Gage; Olsen Cup Test 5.61 Vim 
Load-bend tests are taken on specimens cut longitudinally and transversely. 


lal and laT (Below): The Same After a Second Anneal at 1200° F.; Olsen Cup Test 6.12 Mm 
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brought in contact with the drum and the operation fot 


repeated, thus producing curve No, 2. Repetition of thi 


operations produces the succeeding curves shown and, ! 
complete rupture of the specimen, 

Autograph 1T was obtained in the same manner as 
Compared with the latter, it shows a higher vield point, 
resistance to continued permanent deformation (that Is 
sreater load required to bend the specimen to 90° after the 
point has been passed, and therefore the piece is stiffer trans 
than longitudinally), and is much lower in fatigue valu 
four bends to complete fracture. 

This comparison makes it quite obvious that the ste 
which these specimens were taken has decided directiona! 


erties. Autograph 1L alone would indicate a medium sof! 
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siderable degree. 


ical of box annealed bessemer tinplate, and is 





od physical properties, but when autograph 11 
iposed, the resulting composite presents quite a 
Autographs laL and LlaT are of the 


pment after the tinplate had received an addi 


Fr. The Olsen cup test has been 


(now 642 mm. against 5.61 mm. originally), the 


enlarged, and the transverse weakness mitigated 


Material of this character is 


ible for flat work, where rigidity is a first consid 


ol repeated bending curves, longi 


ind transverse, are shown on pages 53, 54 and 55, 
with micros and results of Olsen cupping test, to 
how the appearance of the autographs changes 
of manufacture. Some of them have prac 
o difference in directional properties. 
irdless of whether this method of testing light gage 
represents a fundamental study of the mechanical 
or of those materials, it has proved of definite use 
enabling us to judge, speedily and inexpen 
nd within a reasonable degree of accuracy, the 
ness of tinplate for a specified purpose. By its 
tion of such properties as pliabilitv, vield) point, 
to stress beyond the vield point, fatigue resistance, 
nal properties, measurement of work all in a 
way, autographically recorded it accom 
es more and indicates more than any one testing ma 


vith which the author is acquainted. 


At this writing, four 
leading tinplate mills 
have equipped theists 
laboratories with $a 
bend tester of this tvpe 
This situation, of 
course, Is very gratify 
ing to us, for it indicates 
that these mills not only 
have put their stamp of 
approval on this meth 
od of determining the 
physical properties of 


light gage tinplate, but 





Box Annealed Openhearth Tinplate; 


that by adopting a common method 
of interpreting these physical proper- 
ties concerted action is finally under 
way to establish definite and accep 
table means by which tinplate and 


other light gage sheet may be graded 


Bending and Unbending 


Phi autograph at the foot of 
page Of illustrates another type of 
curve that mav be obtained by this 
apparatus The material tested is 
the same as in ZL. namely 3l-gage, 
box annealed, openhearth tinplate, 
tested longitudinally. In this procs 
dure the pen is not removed from the 
paper when reaching the maximum 
load, but is left in contact during the 
reverse or clockwise operation of the 
machine. As the return movement 
of the lower sector gradually reduces 
the stress on the specimen, and the 
pendulum begins its backward bal 
ancing swing to the vertical, the pen 
will record a fairly flat line inter 
secting the vertical axis at some pom! 
1 when the pendulum has reached 
the central position. At A the angk 
between clamps will be 90° plus a 
small angle created by the resiliency 
of the the bend has 
opened up a Littl 

As the hand wheel operation 


specimen 


continues in reverse, the specimen 
becomes stressed in the opposite di 
rection. <As this stress Increases, 
alwavs balanced by the pendulum 
(now also moving clockwise in an 
arc away from the vertical), the 
angle between the clamps increases 
until, as desired in this case, it is 0 


and the specimen has consequently 


3]-Gage: Olsen ( up lest 7.13 Mim 
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but what occurs when 


the 


0. The work involved in both operations may be com- 


3L and 3T: 


Reduction, 


been fully unbent. Dur- 


ing this time the curve 


A-Z was 
Again 


produced. 
the 
operation, counterclock- 
the 


whole system is brought 


reversing 


wise this time, 
back to zero along the 
line Z-O". 

A g 


character 


raph of this 


indicates not 
only what occurs during 
the 0) 


initial bend of 


specimen is unbent back to 


pared, not only by the shape of the curves themselves, 


but also by measuring the areas enclosed with a plan- 


imeter. 


The reverse curve and its area tells us that this 


plate will resist bending and unbending almost to the 


same extent (in terms of work expended). Such informa- 


tion is most useful in connection with certain highly 


developed container parts which are subject to consid- 


erable pressure, 


Being able to test the tinplate intended 


for these parts, not only for the amount of work re- 


quired to deform it, but also for the amount of work 


that 
information. 


required to undo 


advance 


deformation, 


affords valuable 


Still referring to the last autograph, it will be noted 


that for the unbending operation there ts no straight line 


portion corresponding to the initial line between O and 


the \ ield point. 


This is as would be expected. 


As the 


bending load is reduced from the point ML toward the 


futograph Showing Load- 
Bend Relations During 
First Bending and Unbend- 
ing of Sample 2L. Release 
of load from the maximum 


(point ML) causes gradual 


but small spring back. 
amounting to only about 
2° in the material tested 


er) 








Cold Reduced Strip; 31-Gage; 829, 


{nnealed; Then Given a Heavy Skin Pass 


zero point A, those grains that y 


>» 


stressed beyond their elastic li: 


how 


causing a 


gradually 


strain on those grains that ar 


plastic 


strain, 


GT 
point 
been 
SS 


to 


The 


compressive, inh 


state. magnitude 


the 


‘ains at zero pendulum is indi 


A; 


in this case the net res 


reduce the 90 


$v virtue of the mechanics 


testing machine, the plastic grail 


this point on are subjected to 


compressive stress with an ine! 
movement 
At point E the load rapi 


dulum. 


of hand wheel 


ceeds the resistance of the plasti 


and 


exceeded there remains, it seems, 


‘ 
= 


manifests itself as the pendulum | 


the 


duced to zero. 


angle 
If this zero angl 


‘ree of elasticity of compression 


again lowered to central posit 
line Z-O’ forming angle O’-Z-O \ 
load ordinate is the result. 


will 


be noted 


autographs recording several 90 


on the same sheet, there is 


of each 


tending to the left of the angle or 


O-Y. 


‘he 


curve other than the 


Vi 


reason is this: ¥ 


initial curve is made and the 1 
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of bend is quicl 


that in the 
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200 400 600 800 O 200 4 600 BO 
Load mn Grams 
- od 1L and 47: Sample of Tinplate, Normalized at 1700° F. in Pack of Kight 
me 
reversed preparatory to making the next curve, the pendulum, 
N, upon returning to the vertical position, is locked there until the 
& > clamps have also returned to the vertical, 180° apart, thus un 
A bending the specimen to its original shape. To start operations 
‘ for the second curve, the pendulum is first released; it is free to 
*. swing in either direction and immediately there is a kick to the 
i] left as is recorded at A, autograph 1L. This part of the curve is 
4) repeated for each succeeding curve, but grows weaker each time 
e~J as the disruption of the structure increases due to fatigue. When 
the specimen has been straightened out, those grains whose elastic 
' 4. limit of compression was not exceeded exert a counter stress of a 
magnitude indicated by the kick-back. Of just how much valu 
. this part of the curve na be remains vet to be deve lope d 








Origin of Porosity in Tin Coatings 
By A. W. Hothersall and J. C. Prytherch 


Condensed from Journal. British lron & Steel Institut 


()*' OF THE CHIEF DEFECTS in hot-dipped spots in the pores, and a map made of the surtace, 
lin coatings on steel (tinplate) is the presence which was later de-rusted electrolytically and ruled 
pores or discontinuities in the coating, at which with coordinate lines to which all subsequent 

lerlving steel is exposed. An examination microscopic examinations could be reterred 
Ss been made of tinplate of various grades, with Pores were found to be chietly associated with 
bject of determining the location of pores in the following peculiarities or imperfections in the 
to surface peculiarities or imperfections coatings: Grease marks, “scruff bands” and trans 

sults of this examination have enabled the verse ripples 

s to assess the importance of certain types Grease marks are saucer-shaped depressions in 
erfection in the tinplate as a source of pores the tin coating, frequently joined by narrow chan 
coating, and indicate lines of future study nels running approximately in the direction of tin 
iminary examination showed that a large ning. They vary in diameter trom about 0.001 to 


n otf the pores were associated with 0.020 in., and appear to be associated with runnels 


Ss in the coating, made subsequent to tin- or drops of molten grease carried up by the sheet 


\ number of sheets of tinplate were with- as it emerges from the top pair of grease-pot rolls 


il two stages in the process on emerging Grease marks have been found on all the samples 
srease-pot rolls and on emerging from the of tinplate so far examined 

4 machine. Examination of these samples In common with other imperfections described 
i distinction to be made between defects in this paper, grease marks are more clearly visible 
n the sheet as it emerges from the tin-pot on sheets taken from the top of the grease-pot rolls 
se produced subsequently in cleaning and without having been subjected to any polishing 
4. All the sheets examined were “primes.” treatment. Grease marks are more apparent in 
degreased specimens were immersed in heavy than in light coatings. The depth of the 
led water long enough to develop rust grease marks, measured (Continued on page 96) 
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Typical Microstructures 


of some 
q 
Alloy Cast Irons 


By M. F. Surls and F. G. Sefing 


Vichigan State College. Lansing, Mich. 


| ITERATURE concerning gray iron has given 

much information on the effects of various 
allovs on the structure and physical properties 
of base irons of this or that nature and analysis. 
The combinations that have been reported show 
results of considerable value to the gray iron 
producer who desires to meet specific require- 
ments in microstructure, hardness, — tensile 
strength and stiffness. 

It is now our aim to show the characteristic 
effects which the common alloying elements 
have on the microstructure of a specific gray 
iron. It will also be evident that these effects 
are similar in many respects to those produced 
by these same elements when added to steel. 

Phe gray iron selected for this purpose had 
about 3.20 carbon and 2.20. silicon. Its struc- 
ture, as shown on the data sheet in Mera. Proe- 
kESS last month (page 57), was made up of char- 
acteristic dendrites consisting of pearlitic areas 
graphite associated 


> 


surrounded by fine, lacy 
with ferrite. A series of photomicrographs (the 
data sheet last month, the one opposite, and the 
last to appear next month) shows the result 
both of adding the various common alloying 
elements separately and in logical combination. 
Some of the physical properties of the resulting 
alloy are also presented in a row of figures un- 
derneath each micro. 

All the alloy cast irons were made from the 
same base iron which was melted in an indirect 
furnace 


are, rocking type, electric Charges 


were 300 Ib. each, 80° pig iron and 20° steel. 
The metal was melted and the bath brought up 
to 2000° F., 


out delay into a preheated ladle. 


and about 60 Ib. was tapped with- 
Measured 


amounts of ferro-allovs were added to the ladle 


















Vik ro by 






as the metal flowed in. The iron was all 
to cool in the ladle to 2600 to 2650° F, 


poured immediately into dry sand molds 


and the 





the standard arbitration test bar. 

The following ferro-alloys were used: 2 , 
“EF” nickel shot, 68¢, ferrochromium, 80 
manganese, 61°. ferromolybdenum, 41 
vanadium, and 18. ferrotitanium. No 
silicon was used in these heats. No al 
was made to adjust the chemical anal 
obtain the ideal conditions for each 
rather, the alloying elements were added | 
same base metal in order to study the eff 
each one under uniform conditions. 

Four heats were necessary in orde! 
tain all of the allovs we desired to stud) 
base metals from the several heats wi 
spected and all were found to have t! 
tvpe microstructure and similar physica! 


erties. Variations in the analvses of ea 


were well within the practical limits of the ! : 
of iron desired. 
I 


Inspection of the results makes 
that the addition of an alloying clement 
iron may have two principal effec's 
microstructure: First is its effect on the 
size and shape of the graphite flakes. 5 
is its effect on the amount of cementite, 
and pearlite in the iron. It also influe! 
fineness of the pearlitic structure. T! 
effect is obviously to change the physica 
erties as well. 

Alloying elements modify the matr' 
cast iron in essentially the same way 
same elements modify the structure 0! 
Therefore, they should tend to produce ¢« ges 


in cast iron similar to those in steel. 
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WORTH 
THEIR WEIGHT IN GOLD 
TO ANY MANUFACTURER 





@ The failure of a gear or shaft in 
key machinery may keep men and 
machines idle for hours. Equip- 
ment may have to be completely 
dismantled. New parts may have 





to travel hundreds of miles. 
When you count the cost, you 
realize that the best structural ma- 
terials are the cheapest in the end 
Parts that are made of Nickel Al 


loy Steels are literally worth their 








weight in gold when you consider 
their reliability and long life...their 





freedom from breakage and wear. 





When Nickel is alloyed with steel 
the result is vastly increased tough- 
ness and strength... higher resist- 
ance to shock, stress, fatigue, abra- 
sion and wear. Our experience in 
the application of Nickel to indus- 
trial problems is at your disposal. 
Send for List ‘A" of available pub- 
lications on Nickel and its alloys. 


NICKEL ALLOY STEELS 


THE INTERNATIONAL NICKEL COMPANY, INC. 


NEW YORK, N.Y. 
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spectrograph 
for 


Rapid Industrial 


Application 


By M. F. Hasler and R. W. Lindhurst 


{ pplie d Research Laboratories 


Las {negeles. Calif. 


so the 


> 


OINCE the first analytical application of the 
S spectrum was made over 75 vears a 

question is often raised as to why its use has 

so limited in the intervening years in com- 

son with chemical methods. The reasons 

pparently many, one among them being 

ie interested physicists were too absorbed 

studies of atomic structure and in astronom- 

ipplications to lay a firm basis of ana- 

practice and instrumentalism. A man like 

R d for instance was more interested in 

ng gratings with which he could accu- 

plot the solar spectrum than in develop- 

4 analytical technique applicable to terrestrial 

late years, however, we are witnessing 

sance which bids fair to bring spectrog- 


to every analytical laboratory where, 








AU THI 








Ill! 


) | 
| 


\ 


| 
| 





Mt 


hor VGuantitative He oorl, 


lwo | vposures al the 





{ nknown's Spectrum 
ees SS Ire Vade With Ro 


tating Sector in kront 


of Camera Opening: 
Length Between fd 
jacent Line-k-ndings Is 
an Inverse Measure of Amount of th 
Element Re sponsible lhe tron spectrum 


at the left is for registry and calibration 


because of its fundamental character, it rightly 
belongs. One of the chief reasons for this 
movement has been the perfection of instru 
ments having adequate dispersion and resolu 
tion. With these instruments a limited group 
of problems demanding apparatus of high 
sensitivity and certainty have been solved in a 
manner that illustrates some of the possibilities 
of the spectrographic method. Even vet this 
includes but a very small region of the total 
analytical field in which the spectrograph 1s 
sure to make itself indispensabl 

The first goal of all analytical work, of 
course, Is to present a complete elemental quali 
tative and quantitative analysis. Further goals 
are to show molecular and solid linkages in 
material so that physical properties beyond the 


purely empirical may be studied. Here mole« 
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ular spectra and absorption spectra are des- 
tined to play an important part. 

With the exception of work on absorption 
spectra, commercial spectrography is now prin- 
cipally limited to the elemental analysis of a 
substance by means of bright line atomic spec- 
tra. Since most of the known elements have 
their spectra measured with a high precision, 
the detection of all elements is feasible. The 
whole practical problem is to excite sensitive 
lines of all of the elements in a region of wave- 
lengths within the scope of present day instru- 
ments and photography. Of the various methods 
are, spark, discharge 
the first 


is the most adaptable to metallurgical problems, 


for producing spectra 


tube and high frequency oscillations 


because it discloses all of the metals and quite 
a few non-metals with great certainty even if 
present in’ very low concentrations in the 
sample. This wide range of identifiable ele- 
ments permits qualitative analyses, complete 
with the exception of sulphur and selenium, 
low quantities of phosphorus and carbon, and 
occluded or combined gases. This includes the 
detection of metallic constituents down to the 
order of 0.001. Realizing the effects of small 
impurities, such an analysis becomes a positive 
necessity; all metallurgical advances are bound 
to emphasize this fact. 

Progress is being made at a rapid rate in 
the field of quantitative spectrographic analysis. 
Much work is now being done to allow the 
measurement of minor constituents where an 
accuracy of about 90°) is allowable. <As_re- 
search is furthered in this field, general methods 
will undoubtedly be worked out which will 
allow complete analyses with about this ac- 
curacy on any type of metal. At present, known 
comparison standards must always be utilized 
to produce curves correlating an element's con- 
centration to the intensity of its spectral lines. 
As methods and equipment become more sys- 
tematized, reliance on such standards will be- 
come less hecessary, and high speed will be 
obtained on the occasional analysis — as it is 
now in routine work. 

Spectrographic equipment suitable for gen- 
eral metallurgical analysis must fulfill certain 
rather rigid specifications; unfortunately, many 
commercial instruments fail to do so, and this 
has caused much misunderstanding and conse- 
quent disapproval of the method for reasons 
that are not often justifiable. Most important 
of these specifications is resolution, or the 


ability of the spectrograph to separate spectral 





lines a few tenths of an Angstrom unil 


all regions of the useful spectrum. Th ' 


lit 
] 


is absolutely essential in analyzing al 

in tungsten, iron, chromium, nickel! 

and vanadium with abundant spectral . 
A factor contributing to practical r 

is “dispersion,” which is the term for t] 

of the spectrum. The spectrum must s 

ficiently spread out on the photographi 

so that the grains in the emulsion and 

in the film, caused by intense lines, do 

the resolution. On the other hand, as 

the spectrum as possible should by 

graphed on a single film, so that a com; 


alvsis may be made with one exposure 


Grating Has 48.000 Lines 


It was with these essential requirem 
clearly in mind that the spectrographi 
ment about to be described was developed 
attain higher resolution than commercial pris 
instruments allow, a grating of 48,000 | 
selected as a diffracting medium. Ad 
dispersion or spread of the spectr 
achieved by ruling these 48,000 lines ov 
inch length of concave optical surfac« 


; 


a 150-cm. radius of curvature. In fay 
contrast with prism types (which in! 
crowd the seale toward the red end otf 
trum) this model of grating instrume! 
dispersion of 7 A. per mm. of film, and 
uniform in all the spectral regions. S 
acteristics obviously allow adequate dis 
at all wave-lengths without using films 
long. The result is that 2200 A. may | 
graphed on a 12!.-in. length of film, 
example, two exposures can Include thy 
from 2400 to GSO0O A. 

Another feature of interest is the 
of the grating. A coating of high ret! 


> 


is evaporated upon the base metal, wl 
vides the instrument with unusually h 
tographic speed both in the visible a 
violet. It is comparable in this respect 
instrument of similar dispersion. (\ 
the subject, it is well to mention that ea 
perience employing gratings in analytt 
has often led to poor results because ol 
ence of spurious “ghost” lines, due to 


ruling. The gratings used in this ins 


are of such precision, however, that for 


tical purposes this objection is elim! 
Realizing that besides high exce! 


spectrum photography many other det 
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s Contributing to Rapid Work Are “ Rowland Circle” for Mounting Arc- House, Arc- House With Rotary 


{ 


( 


ntaining kight Electrodes, and Adjustable Camera for Six I vposures on 35-Mim. Motion Picture kilm 


to analytical speed and accuracy are 


|, the grating spectrograph is supplied 


umber of unique innovations. The half- 


ibove shows that the spectrograph is quite 


irture from the conventional instrument 


il 


prism. The semi-circular frame allows 
vst to photograph different regions of 
trum by mounting the slit and the are- 
various positions on the so-called Row 
le. Since a change requires only the 
of two thumb screws, it mia be done 
minutes without any readjustment of 
if thre instrument. The arc-house seen 
before the operator is of novel design, 
oses a rotary table holding eight elec- 
In one loading a number of portions 
several samples may be arced. The 
ng upper electrode is a convenient 
striking the arc, while a quartz con 
lens focuses the light given off by the 
onto the slit assembly. The latter de- 
light falling on the grating, mounted in 
provided with lateral doors so that 
ireas of the grating may be exposed, 
ring a convenient means for changing 
of the instrument. 
imera in the foreground is designed 


iodate 35-mm. motion picture film. It 


is loaded with a 100-ft spool and has provisions 
for removing single 12!.-in. exposures Bs 
means of a masking arrangement at the front 
of the camera and vertical adjustment of the 
camera proper, four spectrograms of samples 
for qualitative work and two iron comparison 
spectrograms may be photographed on a singl 
film. These iron spectra are used for alignmes 

and calibration. 

In using an instrument of this type for gen 
eral analytical work, it is desirable to photo 
graph a single spectral range which will includ 
very sensitive lines of all 70 detectable clements 
Chis is very important in custom analyses were 
comple te results must be made in a minimum of 
time. Careful study has shown that the region 
from 2380 to 4600 A. fulfills these requirements 
Phe only exceptions are the alkali metals such 
as lithium, sodium and potassium, which do no 
have residual lines in this region though they 
do have others quite sensitive and adequat 

It mav be of interest to describe briefly just 
how a metal allov would be arced and _ its 
spectrum photographed. If in. rods of the 
metal are available thev are used directly as 
electrodes Otherwise drillings of the metal 
are placed in a cavity in two to four lowe 


graphite electrodes, a multiple procedure which 
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minimizes sampling errors. Other variations 
due to are fluctuations are averaged out by suc- 
cessively arcing each electrode for one minute, 
the opening on the grating being adjusted to 
give the correct exposure. Other exposures of 
the same material or of other materials may be 
made on the same film. After each pair of ex- 
posures of the unknown, the iron electrode is 
arced and an iron reference spectrum is photo- 
graphed on the same film. It usually takes 5 
to 10 min. to take several spectrograms of a 


sample and the calibration iron. Fast develop- 





ers and fixers allow the film to be treated in 
about 5 min., after which it is allowed to dry. 

lor quantitative analyses the photography 
is very similar, with the exception that the mask 
at the front of the camera is replaced by a 
rotating sector, motor-driven. It varies the 
lengths of the lines according to their intensities, 
as shown by a portion of a sample spectrogram 
at the head of this article. The length between 
these adjacent line-endings is inversely pro- 
portional to the line’s intensity. (A description 
of this method of quantitative measurement 
appeared in Review of Scientific Instruments, 
V. 7, No. 3, 1936.) Two exposures can be made 


on a single film with attendant iron spectra. 





After obtaining the spectrogran 
samples to be analyzed, that method of SUI 
ment and interpretation must be ploy 
which will extract from the film the ( 
amount of information in the least 
facilitate this a new instrument termed | 
projection comparator” shown in the lft 
below has been developed. It employs the y 
known fact that certain lines of an 
spectrum are the most sensitive and that 
identification of a few of these lines is a cer 


method of detecting the presence of that 





l nique Proje tor ki 
Operator to Superp 
curately Register and 
large a Portion of | 
Containing the Spectrun 
an Unknown on a Mas 
| Film Having Thre 
Lines of hac h D 
Element Accurately Mar! 


ment in the sample. This premise is usec 
preparation of a master film consisting 
iron spectrum and three or four lines 
of the detectable elements markea 
Thus a total of some 200 designated lines 
on the master film. By dual projection a 5! 
portion of the film bearing the sampl 
trum is shown directly over a portiol 
master on a 24x30-in. screen. Aftel g 
these two films exactly by means of 
spectrum on each, the operator, in m 
analysis, merely notes coincidences 
lines in the unknown and lines of th 
elements appearing on the master film 

To observe and tabulate the eleme! 
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dinary metallic alloy requires from 
) min. 
th an instrument of such high resolu- 
| always may be checked at other lines. 
| qualitative work the intensities of the 
lines are weighted visually to furnish an 
mate quantitative estimate of the 
s of the elements present. In more 
quantitative work the rotating sector 
- ysed and the distance between line endings 
read on a vertical scale at the same time the 
tive check is made. Thus with a single 
strument all tedious measurements have been 
eliminated, reducing errors by personnel, and 
reasing analytical speed and accuracy. 
Before considering the question of the mul- 
tudinous applications of a complete set of in- 
struments of the above type a discussion of thé 
sensitivity of the grating spectrograph would 
t be amiss. Since no quartz-air interfaces 
ire used in the spectrograph proper, stray re- 
flected light does not limit the sensitivity as is 


Also. the 


her resolution and dispersion affords greater 


ften the case in Littrow mountings. 
eral operational sensitivity since interference 
by halation from other lines is minimized. Thus 


/ 


ensitivities ranging from a few parts per mil- 
to a few parts per hundred-thousand have 
een recorded for all the true metals in a wide 
range of substances such as alloys, minerals, 
ints and pigments, glasses, food ashes, chem- 
ils and ceramics. 
lo adequately survey the field of applica- 
of the spectrograph would be impossible, 
nd since an excellent resume of the subject by 
lhomas A, 


\T, ° 
Mera Progress in January, no such attempt 


Wright has already appeared in 


tbe made. Some pertinent specific examples, 
wever, may be of interest. 
in custom assay work, many metallic alloys 
re presented with the request for a “complete 
] 


rIVSIS 


Often no indication is given as to 
‘lov type, and the chemist must start at the 
veginning and make a tedious and accurat: 

ilitative analysis before attempting quanti- 
separations. In making these separations 
rence often occurs between various ele- 
present, especially in complex alloys, and 
eXtreme care is exercised, minor con- 
With 
raphic equipment of the above type 


Ss may be easily overlooked. 
the first step is to arc the material; 
ning the spectrogram with the projec- 
nparator the operator prepares a list 
elements detectable, usually 10 to 20 


Doubtful coincidences occur 


in number. At the same time he notes the 
intensilies of the various lines used for identi 
fication, and from a table of factors calculates 
the approximate quantity of each element. 

It has been found that estimates given to 
the nearest power of ten can be made quite 
accurately without consideration of the par 
ticular type of alloy, providing certain spec 
tral lines are employed in estimating. Thes« 
data will be available shortly. 


A typical analysis would be the following: 


hemical 


~ 


Elements ipproximate 


Present Quantity jnalysis 
Chromium ) 27.07 
Cobalt Principal 15.34 
Iron | Constituents 41.24 
Silicon 1 to 10 2.71 
rungsten 1 to 10 9.26 
Manganese 0.1 to 1 0.18 
Nickel 0.1 to 1 
Vanadium 0.1 to 1 0.48 
Boron 0.1 
Copper 0.1 .?1 
Calcium 0.01 to 0.1 
Magnesium 0.01 to 0.1 
Tin 0.01 to O1 
Molybdenum 0.01 
Silver 0.001 to O01 


That such a preliminary analysis is of tre 
mendous assistance to the chemist is at once 
obvious, especially as it would only take ap 
proximately 30 min. A point of interest in th 
above analysis was that, in the chemical dete 
minations, chromium and other elements tended 
to interfere with the vanadium so that it was 
entirely overlooked in the preliminary separa 


Without the 


dog, means for separating the vanadium would 


tions. spectrograph as a watch 


not have been realized and thus an error of 
importance could have resulted. 

An example of a quantitative spectro 
graphic technique applicable to routine analy 
sis is” the following problem: Determine 
alumina in iron ore in the concentration rang 
from 0.5 to 5.0%: an accuracy of better than 
90°. is necessary and the average time allow 
able per analysis must be cut to a minimum 

In the solution of this problem a dry diluent 
was introduced to increase accuracy at high 
concentrations, and the iron content used as an 
internal standard since it was known from other 
analyses. A number of electrodes, rather than 
one, were filled with each sample of the diluted 
ore and arced for one minute each. (This pro 
cedure gives more uniform results than arcing 


a singk electrode - correct (Continued on p N")) 
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Steels « Alloys 


for 
Permanent 


Magnets 


kK. L. Scott 





By 


Engineer 
Western Electric Co. 


Chicago 


HIS ARTICLE, for the new 1936 edition of 
& Merars Hanppook, is written during a 
period of great activity in the develop- 
ment of permanent magnet alloys. As a result 
there are commercially available two distinct 
ivpes, namely, the older magnet steels, and the 
hew, precipitation hardening alloys. There is 


a possibility that magnets made of compressed 


metallic oxide may be added as a third type. 
Theory of Permanent Magnets 


In order to understand the relative impor- 
tance and usefulness of each type of material, a 
brief resume of the methods of testing the per- 
manent magnets will be given. In the top figure 
on the opposite page is shown a typical hystere- 
sis loop and magnetization curve for a perma- 
nent magnet alloy. The variables are magnetiz- 
ing force Hsand magnetic flux density B. If 


increasing values of H are applied to an un- 
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Courtesy Bell Telep el 


Remagnetizing a Ringer Magnet 


magnetized specimen at O (as by grad 
creasing the electric current in a coil 
wound on the specimen) the corres 
values of magnetic flux produced in t! 
men will be as shown by the normal 


curve, the light line. If now the values 


gradually reduced from the highes 
value, H to zero and then increase: 
negative direction to H (by rev 


current in the magnetizing winding) 
RB to / 


the left-hand heavy curve of the hyste: 


of B will change from a 


If this process be reversed, starting 
the right-hand side of the hysteresis lo 
traced. 

If the value of magnetizing fore 
from +H 


of the magnetizing winding) the valu 


to zero (as by opening 
drop from B to the intersects 
hysteresis loop with the vertical axis 


value is called the residual induct 


Page 64 








If there is now ap- Typical Magnetization Curve and Hysteresis 
fliclent§ ne gative mag- Loop. Coordinates represent’ magnetizing 
force to reduce the force H in oersteds (0.4 x times the ampere- 

B from B, exactly to zero, turns per cm.) and magnetic flux density B 
of H required will be in gauss (“lines of force” per sq. em. 


by the intersection of 








resis loop with the hori- tangle having sides (O 

sis. This particular value B.) and (O H.) with 1 

illed the coercive force, the demagnetization 

ed H.. curve. 

descending branch of the Since the value of 

sis loop between the points (BH) is proportional 

H. is most important in to the maximum main 

nt magnet theory. It is tainable air gap energy ' 

is the demagnetization per unit volume of .a 

If the product of the co- magnet, it constitutes a criterion of the magnetic quality of a 
tes, B and H, of this curve permanent magnet material. It has been shown empirically 
tted against corresponding that the quantity (BH) is proportional to the product 
of B, a new curve is ob- BX H.. Uence this product can also be used as a criterion of 

is shown in the middle magnetic quality, It has also been shown that the coordinates 

The maximum value of B and H of the (BH) point are equal respectively to ap 


ro 


thie 


duct BX H, designated 


as obtained from 


irve, is proportional 


maximum amount 


magnetic energy which a 


I 


t 


of the given mate- 


support in an air 


p.per unit volume of mate- 


the magnet. Hence, 


st eflicient magnet de- 


vill be one which works 


cnet at the flux den- 


orresponding to the 


point of the material. 
is not necessary to 


e curve BX<H vs. B 


ermine the value of 


} 


or the correspond- 


ilue of B. The co- 


es of the (BH) 


proximately O.65B, and O0.60H 
Hence the determination of B 
(residual induction) and H 
(coercive force) for a material 
serves to determine its magnet 
quality as a permanent magnet 
material, and also to determine 
the flux density at which magnets 
of the given material should be 
designed to work. 


It has been shown also that 





the flux density of a fully mag 


One Criterion of Quality of Magnet netized bar magnet, designated 


Vaterial Is the Maximum 1} alue B depends upon the length / 
of the Product B . H, Conveniently and equivalent diameter D), in 
Determined From Demagnitization the manner shown in the lowest 
Curve (B, to H. in the First figure. This curve holds for all 
Curve) by the Geometric Construc- permanent magnet materials, 


 ¢ “7 : 
tion Shown at the Left of the B Axi and applies strictly only to 


straight bars, but suits magnets 


re determined to a close approximation of other shapes quite well (unless the ends of 
ntersection of the diagonal of the ree- the magnets are close together, or are brought 








effective ly close love ther by ron pole pieces) In 


, most cases the urve can be used as a check on 
Flux Density of Bar . : 


Masnets (Vertical the measured flux values of formed or cast 


Ordinate) Depends magnets of various shapes when magnetized 


Upon a Function of and tested as bar magnets. In these cases the 
the Size (Length L actual flux values obtained should never le 
and Diameter D lower than predicted by the curve. 


Most manufacturers and large users of pet 
manent magnet steels or allovs test the mat 
rials for magnetic quality by measuring B, and 
H].. The tests are made in some form of pet 


meameter on straight bars of cast or rolled 
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material, after proper heat treatment. Methods 
and equipment for making these tests are de- 
scribed in A.S.T.M. Standard Method of Testing 
AS1I— 35. 

Most magnet users also make a flux test on 
the finished magnets. ‘This test can be made 
most accurately with a search coil and a flux 
meter of the galvanometer type. Sufficient ac- 
curacy for commercial purposes and greater 
speed are obtained with flux meters of the direct 
current meter type in which the test magnet 
furnishes the field to deflect the moving coil 


of the meter. 
Aging of Magnet ‘Slaterials and Magnets 


The magnetic properties of the permanent 
magnet steels are not stable with time. The 
residual induction and coercive force of most 
magnet steels begin to change spontaneously as 
soon as the steels are hardened and continue to 
change for an indefinite time. The rate of change 
is greatest immediately after hardening, and 
decreases rapidly so that in a few days the rate 
is slow. The rate and amount of change differ 
for different kinds of steel and are not uniform 
for any given kind of steel, but the direction of 
the change is always for the residual induction 
to increase and the coercive force to decrease. 
It is good practice to allow a specified aging 
period to elapse between the hardening and 
testing of test bars. 

Because of the nature of the precipitation 
hardened alloys, and the kind of heat treatment 
employed, such aging phenomena are much less 
pronounced and may be absent in some of them. 
Even an increase of coercive force with time has 
been observed in test bars of iron-nickel-cobalt- 
aluminum with no change in residual induction. 

The state of magnetization of magnetized 
stecl magnets is also subject to a peculiar in- 
stability. It is observed that if magnetized 
immediately or soon after hardening they will 
spontaneously suffer a decrease in flux begin- 
ning immediately after magnetizing. The rate 
of loss decreases rapidly with time, so that after 
several days the flux has reached an approxi- 
mately stable value. If the magnet is remag- 
netized, the same phenomenon is repeated on a 
smaller scale. 

The phenomenon, however, is only tem- 
porary and disappears with a suflicient lapse of 
time after hardening; it is probably not present 
to any great extent in the precipitation hardened 


alloys. Data on this point are not available. 


The loss of flux that occurs in mag 
to external demagnetizing influences is 
monly but improperly referred to as 
External demagnetizing influences inc! 
chanical shock, adverse magnetic fie] 
includes alternating current fields and the fields 
of other magnets) and heat. In gen 
magnet is weakened by any one of tl 
means, it will not be further weaken by 
repetition of the same treatment and wil! suff; 
only a slight loss in flux from the applicat 
of any other treatment that would hay 
ened it originally by about the same an 

In the process inspection of magnet 
hardening, some users follow the mag: 
operation by a_ partial demagnetizat 
“aging,” before testing. This partial demag 
ization is for the purpose of eliminating 
nets that are improperly hardened or mad 
defective material and is not intended as 
stabilizing treatment. If a true stabilizing tr 
ment is required, as for magnets to be used 
measuring instruments, they may be stored 
a long period of time, subjected to heat as 
immersion in boiling water, or merely be 
tially demagnetized by an a.c. or d.c. field al 


final magnetization. 


Methods of Magnetizing 


The problem of magnetizing perm 
magnets is becoming increasingly difficult \ 
the advent of materials with coerciv 
above 200 oersteds, since the magnetiz 
required fully to magnetize a magnet Is s 
times the coercive force of the material, 
ing in some cases to as much as 1500 
turns per centimeter. The magnets mad: 
coercive force steels and most magnet 


of cobalt steel can be fully magnetized by 


_ 


of large electromagnets. Precipitatior 


ened magnets of favorable shapes can als 
magnetized by the same means, but ma 
intricate shapes made of cobalt steel or 
cipitation hardening alloys can only |! 
magnetized by winding heavy wire | 
magnet and sending a heavy curren! 
the wire by shorting the winding a 
suitable source of heavy current. In t! 
it is advisable to protect the current so! 
the winding by using a fuse in series. [}ie 1 
wire will melt and open the circuit bef 
age occurs to the current source oO! the 
winding. 

The types of magnet steel produ 
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» the United States are classified by 
ufacturers as follows: Carbon-man- 
hromium, chromium-molybdenum, 
wnd various grades of cobalt steel in- 
obalt-chromium and cobalt-tungsten. 
nium steels are made in grades ranging 


inal 1 


en steel ranges from 5 to 6° tungsten, 


chromium to 6° chromium, 


obalt steels contain from 3 to 36‘ 

th chromium from 2 to 10° and tung- 
| to 10°., and a fraction of 1° molyb- 
some cases. Sometimes the tungsten 


tain suflicient chromium to make them 


Commercial Types of Magnet Steels (American/ 





arise from the fact that mechanical properties 


are of secondary importance and_ practices 
which would be harmful to the magnetic propet 
ties must be avoided. In particular, this means 
that the thermal history of the steel should be 
brief; rolling or forging should be accomplished 


Anneal 


ing should not be resorted to unless necessary 


with a minimum amount of reheating. 


for machining operations and the anneal should 
be as light as is consistent with machinability 
should be just high 
steel, It is 


Forming temperatures 
enough for proper working of the 


rarely feasible to restore the magnetic prope 


) 
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dening. Otherwise, the tungsten steels, 


2’. chromium steel, and the carbon-manga- 
se steels are water hardening and all the rest 
hardening. It is noteworthy that the 1 
im steel has the best magnetic properties 
ienched in oil, but that water, some 
solution, or a light oil are universally 
nded for the 2° chromium steel. 
Manufacture of Magnets from Steel 


concerning the various types of mag- 
ire shown in the adjoining table. Only 
s reported by various American manu- 
s are included, and the data are sum- 
‘rom information furnished by them. 
neral, the methods of melting, rolling, 


cating are similar to those used for 


Ss of similar composition. 


Exceptions 
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ties of magnet steel that has been damaged by 
too prolonged heating or overheating 

Magnet steels are melted in electric fur 
naces, either are or induction. One exception 
lies in the use of Ope nhearth furnaces for melt 
ing carbon-manganese steel and the chromium 
steels of lower chromium content where large 


tonnages are involved. In some cases Ingots 


U¢ 


are cooled in lime, dry sand, or other material 


before rolling, but where possible it is preter 


able to break thre ae down without cooling Lhius 
Surtac 


is done either by forging or rolling. 


defects are generally removed bv grinding 


Rolling temperatures at start range from 1800 
to 2100° F 


1300 to 17000 F 


and the finishing temperatures from 


depending upon the critical 


temperature of the steel. 


In most cases, the shapes of permanent 


magnets are such as to require hot formin 








This may be done satisfactorily at temperatures 
between 1100 and 18000 F 


ature is preferable and the heating and forming 


A medium temper- 


Magnets 
Some 


quenching imme- 
> 


should be done as quickly as possible. 


are generally air cooled after forming. 
magnets are hardened by 
diately following the forming operation, thus 
eliminating one heating operation, but this 
practice requires better than ordinary control 
of the forming temperature. 

foo much emphasis cannot be laid upon the 
desirability of designing magnets so that they 
do not require annealing for some machining 
operation. Where this is unavoidable, as light 
an anneal as possible should be used, for an- 
nealing always damages the magnetic proper- 
ties. Air hardening grades of steel must be 
annealed by the fabricator after hot forming 
if machining is necessary; otherwise, annealing 
may be done at the mill if forming is not re- 
quired or if the machining may be done before 
forming. 

Magnet steel should be heated to the an- 
nealing temperature quickly, held at tempera- 
ture only long enough to be heated through and 
cooled just slowly enough in the furnace to 
avoid air hardening. In all cases, cooling from 
1000° F. to room temperature may be done in the 
open air, since no air hardening will take place 
below 1000" F. 

The recommended hardening temperatures 
are specified in the table. The optimum hard- 
ening temperature is that which gives the high- 
est value of the product B,xH,., except that 
some magnets are not designed for maximum 
efficiency and require higher values of B, or H. 
than are associated with the maximum value of 
their product. High values of B, (residual in- 
duction) are best for long or slender magnets 
and high values of H (coercive force) for short, 
thick magnets. Oil quenching results in higher 
values of 77/7. and lower values of B, than water 
quenching. The latter results in a much greater 
amount of warping and cracking. For this 
reason oil quenching steels are gradually re- 
placing water quenching steels for most appli- 
cations. Magnets should not be held at the 
hardening temperature longer than is necessary 
to heat them through. 

Great care must be exercised in grinding 
hardened magnets to avoid the production of 
sometimes develop 
Wet grind- 


ing and light cuts are the best safeguard. 


grinding cracks, which 


hours after the grinding operation. 


Magnets of intricate shapes, chiefly made of 


cobalt steel, are frequently produced | 


iS| 


rhe properties of cast cobalt steel do dia 
vreatly from forged or rolled, alth 


coercive force is usually higher and the resid 
induction lower. The same annealing 
ening practices are recommended. ( 
rial is generally more brittle than for 
Reliable correlation of microstruct 
magnetic properties has not been acco . 
although advances in the theory have | 
ticularly rapid in the last five or ten 
very good statement of what is known 
mised about the relationships betwee: 
structure, space lattices and ferrom 
is given in an article by R. M. Bozorth, 
Present Status of Ferromagnetic Theo 
sell System Technical Journal, Jan., 193 
As far as its grosser manifestations 
cerned, a fine, silky fracture is CCTE rall 
Decarbu 
(non-uniformity) should, of course, be 


ciated with good material. 


Heating above 212° F. after hardening 


mental to the magnetic properties; actual 


age begins to take place at from 300 to 4 
Defective magnets may frequently be recla 
by rehardening. There is, in general, nm 
ular method of quenching in water wh 
minimize warpage or breakage. Tongs 
be as light as possible to avoid cooling th 
nets too much by contact with cold metal be! 


the quench. 


s 


Precipitation Hardening Alloy 


The range of possibilities for the desig 
permanent magnets has been greatly es 
by the introduction of substantially car! 
alloys of the precipitation hardening typ: 
magnetic properties of any of the per 
magnet steels can be substantially du 
by some of the carbon-free alloys, poss 
formulate. Other materials having 
forces greatly in excess of any of the 
steels are commercially available, 
others in process of development. 1! 
appearing to have the greatest comme! 
sibilities at the present time are as follows 
an alloy of 72° iron, 12° cobalt, 
12.000 to 8500, Ho! 
(b) an alloy of iron with 10 to 25% nick 
30% cobalt and 8 to 25% titanium (8 
6300, H.—=780 to 920) and (c) an alloy of 
24 to 30% nickel, 9 to 13°¢ aluminum 
10% cobalt (B,—10,500 to 7500, H.=10!' 


With possibly the excep- (Continued o! 


molybdenum (B 


4A 


Vetal Progress: Page 68 





\ 4 a ° . \ 
de » as ie . 
‘ bl | ee Se ‘ fix 
(orrespondenc IT peed Fe 
» a < Ces : J 
‘ A + alt a” . . 
~ f A ‘mate . ™ vag # 
—_ % i, . ro a ~ 
La ~ & , . 
a . 7 ae ‘ : x F* 
* Ys P a : es f 
“ty 4 i” Pm, Ny x ~ —— oe: “ f 
. a i \ ga . 4y ss “lg e ~ 
<a " ’ . = 
{ it a 4 ' ‘\ . 
eT : P. » 7s + eo. : y 
rt tf ad ~\ > > - = =? =~ ed f T=» \ ‘ . ‘ 
. } .% = | See, P 
Dy 4 ~~ \ es Paes , 
a ead a 
MS a i \ = ~ % See ~' est eck “hey _ & 


1550° F. 750° F. 1835° F. 


fustenitic Grain Boundaries Developed in Two Heats of 
S.A... 3135 by Preferential Oxidation at Heat Treating 


. 2 i. : 
+ 
I a> re 4 = i i q 4 t q i + Temperatures. Smooth surface lightly ground, polished, 


and etched with 29% nital. and photographed at 100 


1550 1835° ] 
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marked by es al ee 
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Preferential Oxidation were * 
tS Ae eer : "7 
¢ Wy 
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ww ZEN, CZECHOSLOVAKIA Che determination a ae 4 Z 
et 
istenitic grain size at various tempera wh oe c 
one , * 
s may be carried out by the methods de- PE Less * 
—_ Vo. A ~ 
bed by Bain and Davenport in the @ Grain pee ts ~ 2 
. ‘ . . ew +Aane a 
‘ize Symposium, 1934 (and discussed in the OT Fa 
starting on page 39 of this issue . The 
“ls originally suggested seem to require 
irate knowledge of the critical cooling A small sample of steel is finely ground 
{ the steel under investigation, and it is (but not polished) on one side as for metallo 
wn that this may vary considerably with graphic investigation. It is then inserted into 
hanges in the content of alloying ele- an electric furnace heated to desired tempera 
ts. Owing to this circumstance the Mc- ture with free access of air. The specimen ts 
uaid-Ehn test is more widely employed in held for the desired time at temperature and 
pe, but its application is limited by the then quenched in water or oil. The continuous 
ssity of carburizing at temperatures which layer of oxide on the surface is removed by 
ed those attained in the normal heat grinding and polishing, and the polished sur 
t of the steel: under studv. face is finally etched with 2 nitric acid in 
course of an investigation of austen- alcohol. 
size in alloy steels at the research fhe grain boundaries are indicated either 
ies of the Skoda works, the writer has by accumulated oxides or by decarburized en 
it preferential oxidation at = grain velopes of ferrit In some cases the ferrite 
eS may serve as a useful method for layer at the boundaries is so thin as to appear 
ng the grain size at all temperatures as a single fine line at 100 diameters 
\c, point. The test is carried out as Care should be exercized not to grind the 


oxidized surface of the sample too deeply, 
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otherwise the microscope will show the marten- Structural Hardening an 


sitic structure of the core without any distinct — , : 
pats eS Season Cracking 
grain boundaries. This would require a repe- 
tition of the experiment. of Solid Solutions 
In order to prevent excessive scaling of ee an 
: | : DARIS, Franc rhere are few p! 
specimens when they are held for a long time mei 
which have been more useful in t! 


at high temperature the experiment may be : 
4 tion of alloys than that of hardening b 


modified as follows: The samples are heated 
ing, which produces a new phase in a 
in a good vacuum pressure less than 0.1 mm. : 

Pk: ag ; urated solid solution. 
of mercury — and air is admitted at the end for 


et This phenomenon, first noted in 
at least 15 min. before quenching. If this time ’ 
, aluminum alloys and for a long tin 
allowed for oxidation is too short (say less than ' 
' ' , Sigil plained, is produced in quenched met 
10 min.) the entire surface is uniformly decar- 
, , - tempering, either spontaneously or by rely 
burized, especially if the vacuum was poor ' ; vm lee 
a ing, and is known as “age hardening, 
for instance 10 mm. In such case misleading ae ~d 
; tation hardening,” or “structural hard 
results can be arrived at. ae 
wm : The nomenclature was discussed by C. H 
The photomicrographs at the head of page , : 
_ ili Jenkins in Metrat Progress, June 1934. 4 
69 illustrate the grain growth of a chromium- 
' : present writer prefers the term “s! 
nickel steel from two heats of approximately hae . 
ave ; - hardening” as being more general and 
the same composition, corresponding to S.A.E, te ' ' 
‘iiaienees . age as we will see. Structural hardening ; 
3135. Each sample was held at indicated tem- : 
, rs i ; ‘ mechanical strength, often considerably 
perature for one hour. The differences in grain ; , 
sien ing it, and, inversely, decreases resista 
size between the two heats are due to different a 
sa ee ; ‘ 7 chemicals and corrosion by promoti! : 
conditions of deoxidation during the final refin- : : ee 
; Kes crvstalline corrosion. (Cracking corr 
ing stages in the steel manufacture. 


‘ season cracking is nothing more thar 
P. HeERASYMENKO 


crystalline corrosion that is locali: 
spreads under the effect of latent o1 


internal stresses.) 


Rapid Method of Developing An ingenious explanation of this 
+: — +s in mechanical strength or hardening | 
Austenitic Grain Size aa 5 
given by Jeffries and Archer: Precipitat 
fine particles within the crystalline grains 


| OLLA, Missour:t— Throughout the past two 
vears three students at the Missouri School 
of Mines and Metallurgy (W.R. Gaddis, William 


Lenz, and Thomas R. Graham) have done some 


the solid solution prevents movement along s 


rather interesting work on the measurement of 
austenitic grain size. Their problem was _ to 
compare different schemes of developing and 
recording this structure in the various S.A.F. 
carbon and alloy steels. 

A set of three views is shown at right, from 
many which exhibit the same fact, namely, that 
an interrupted quench from 1700° F. or a quench 
after developing the temperature gradient, will 
both give the same network size as the McQuaid- 
Ehn test (carburizing at 1700° F., in our experi- 


ments two hours in propane gas). 





Qur tests indicate that the shorter methods 


of developing grain size at 17007 F, can be 


Grain Size of S.A.E. 2320 Hot Rolled 





depended upon to reproduce the same results 1700° F. Left. carburized at 1700° F. 2h 
in the ordinary run of plain and alloy steels pane gas, furnace cooled. Center, quen 
as the much longer MceQuaid-Ehn test at the 1700° F. in iced brine after developing ten 
same temperature. gradient. Right, quenched from 1700 i 

Cuarces Y. CLAYTON salt bath at 1285° F. for 30 see., ther 


Vetal Progress: Page 70 








der stress, thus increasing the resist- and a concentration-gradient around this pat 



































plastic flow, particularly when the ticle, as shown by diagrams No. 3 and 4 on 
ire of appropriate size and dispersion. the attached figure. This gradient (and, conss 
\< irticles continue to increase in size by quently, the decrease in the average concentra 
ce, some of the slip planes become free tion) is more marked (a) as the rate of precipi 
resistance to deformation decreases; tation increases, since the precipitation rate 
ains the decreased hardness on pro- depends on degree of supersaturation, and (b) 
tempering. Furthermore, corrosion is as the rate of diffusion decreases, since the dif 
d by the presence of these precipitated fusion rate decreases rapidly as temperature 
s, which constitute a new phase and con- falls. The phenomenon is thus accentuated in 
seu ly give rise to electrolytic phenomena precipitation at low temperature and dimin 
icting solutions. ishes when the temperature rises — that is, after 
sequently, hardening (and corrosion) long stay at temperatures permitting diffusion 
o be concomitant with precipitation. to occur at a measurable rate. 
fhis is confirmed for some alloys, such as alu- An inequality and inhomogeneity in_ the 
hardened by the compound Mg.Si; how- concentration, however, not only accompanies 
the aluminum-copper alloys hardening but necessarily precedes precipitation (see dia 
No.1&2 No.5 & 4 No.5 Total 
fore Precipfriation Growth of Precipriate HI (Al. 
treat #5 
F No.2 
, , IEQGUS 
centration we. — 
V0.4 an NT A 
' i < i ! 
> se = 
geneous \ N0.2,3 &24 > No.5 Homog 
tron Heterogeneous Solution Solutior 
Diagrammatic Representation of live Stages Starting With Uniform Solid 
Solution and Ending With Total Precipitation (Both Ideal Conditions 
les precipitation (that is to say, precipita- gram No. 2 in the attached figure). Evidently 
is revealed by various physico-chemical the precipitates can only form when there is a 
methods). On the other hand, the presence of preliminary accumulation of molecules of pre 
precipitated particles cannot alone explain cipitate resulting from = diffusion within the 
some kinds of corrosion, such as the inter- liquid. This lack of homogeneity and priot and 
crystalline corrosion of 18-8 stainless steels after necessary disturbance of the ideal uniform con 
heating at a moderately elevated temperature, centration in the solid solution explains § the 
cooling, and subjecting it to solutions otherwise phenomenon under consideration 
Inno US, \-ray studies of a series of solid solutions 
Various ingenious interpretations have been with varying proportions of solvent and solute 
proj d of the processes of structural harden- prove that the dimensions of the crystalline 
ng; have the drawback of being complicated, lattice depend on the amount of solute atoms 
hyp tical and not accompanied by direct dissolved in the solid solution (and, according 
eX pe ental proof. Nevertheless, it is only to Véegard’s law, variations of the lattice and of 
to consider the elementary and self- the concentration are often proportional). Con 
recipitation process to find a satisfac- sequently, uneven concentration such as 
lanation, sketched in No. 2 causes deformations in the 
nh a particle of the precipitate forms lattice and in the main crystallographic planes 
lops within the solution, the atoms along which slip occurs in other words, causes 
ly migrate from the solution to the resistance to deformation in the = crvstalline 
ed particle by diffusion. This natu- srains, revealed by an increase in hardness of 
lts in a zone of lower concentration the allov. Such an interpretation, added to that 
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of Jeffries and Archer, presents a complete and 
precise explanation of the whole hardening 
phe nomenon, 

Turning now to a specific case, the de- 
creased concentration of chromium in the solid 
solution surrounding precipitates of chromium 
carbide when 18> chromium, 8° nickel stain- 
less steel is heated at relatively low temperature 
(in the range 800 to 1500° F.) has already been 
indicated by Bain, Aborn, and Rutherford in 
Chapter 11-B of The Book of Stainless Steels as 
the explanation of intergranular corrosion ac- 
companying this precipitation; the solid solu 
tion, deprived of chromium, is made susceptible 
to attack at these impoverished regions. The 
phenomenon becomes more complicated if the 
austenitic solution becomes so low in chromium 
that it transforms to the alpha state at room 
temperature——a_ condition that explains the 
chemical attack even better. 

The lack of homogeneity in solid solutions 
of iron-nickel-chromium-carbon can be revealed 
and quantitatively studied by thermomagnetic 
analysis (see my letter in Mera, ProGress, Feb- 
ruary 1935, p. 42), the maximum difference in 
chemical composition, point to point, depending 
upon the position and spread of the Curie mag 
netic point on a heating and cooling curve. It 
is thus possible, first, to prove directly the lack 
of homogeneity in the solid solution preceding 
the precipitation of discrete particles, and sec 
ond, to show experimentally that this lack of 
homogeneity affects the mechanical and chem- 
ical resistance at least as much as the precipita- 
tion itself. 

In non-magnetic alloys such as the light, 
hardenable aluminum alloys, this postulated 
lack of homogeneity in the solid solution can be 
confirmed by X-ray spectrographic study. The 
doublet Ka,-ca,, 
uniform, unstrained allows, becomes less and 
less distinct as the lattice planes are distorted 
due to unequal concentration. It is also possible 
in this way to verify the statement that this lack 
of homogeneity precedes actual precipitation. 

Hence, precipitation within the solid solu- 
tion is preceded and accompanied by lack of 
homogeneity in the concentration of the sur- 
rounding solid solution. This fact explains the 
increase in mechanical resistance and the occur- 
rence of intergranular corrosion or cracking 
corrosion in some reagents occuring spontane- 
ously or induced by the tempering of super- 
saturated solid solutions. 

ALBERT PORTEVIN 
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Which is sharply marked for 





Swedish Steel 


made in 
Eleetric Furnaces 


STOCKHOLM, Sweven The abu . 
ply of water power in Sweden d 

almost complete lack of fossil fuel 

caused an early interest in the poss 

employing electric energy for metallu 

poses in this country. An interestir 

is the invention of the first induction 

the Swedish engineer Kjellin, whic! 

cessfully worked at Gysinge as ear! 

During the first 15 vears of this centu 

the main interest was devoted to th 

ment of the electric blast furn 

Swedish invention; this work was grea! 

lated by an impending shortage in 

of charcoal. 


Production of Electric Stee 


1915 2 O00 | 

1920 12.000 

1925 13.000 " 
1930 116.000 

1933 130.000 

1934 164.000 

1935 185.000 


As seen from the table, the prod 
electric furnace steel did not rise to a 
siderable importance until after the W 
the present time about 20°. of our steel 
in electric furnaces, the main part 
mainder being produced by the acid a 
openhearth processes (about 25 and to 
tively). The rapid increase of el 
incidentally coincides with the declins 
bessemer steel, and also with the dw 
wrought iron production formerly so im 

Development of the are furnac 
lowed the same general trend in Swed 
the European continent and in Ame! 
larger furnaces (15 to 25 tons) employ 
ous Soderberg electrodes; at two w 
Demag furnace has now been installe: 
movable cover and basket charging 
nage production in 25-ton are furnaces 
seen at Domnarfvet, the largest ot 
works. 

The introduction of high frequi 
tion furnaces has been just as rapid 
as in any other country. They are Us 
one hand for the production of thos¢ 
formerly made in crucibles, on the o! 
for the melting of 18-8 and similat 


stainless steels. 














iments are now carried out with a 
of induction furnace introduced by 
\. (Swedish General Electric Co.) and 
two-frequency furnace. In it the 
s surrounded by two sets of coils; it 
ssible to employ simultaneously a high 
current for heating the charge and a 
rency current (of say 50 cycles) for 
a vigorous stirring. Both currents 
regulated at will. The stirring causes 
‘ to become emulsified in the steel, and 

is very rapid. 
liscovery of a sufficiently resistant refrac- 
the furnace lining seems to constitute 
difficulty, but experiments are being 
d with great energy and it is hoped that 
x ing difliculties will be overcome. When 
satisfactorily this furnace should be 
iseful and especially well adapted for 
Swedish conditions. At present the induction 
es are charged with selected scrap, but 
se of the rapid refining action the two 
ey furnaces could preferably be charged 
material with a high carbon content, con- 
mainly of liquid pig iron directly from 

blast furnace. 


Eimsarn OHMAN 


An Energy Method 
for Determining 


Relative Sliding Wear Resistance 


pPASADI NA, CALir, The problem of deter- 


mining the relative wear resistance of 
ils is probably one of the most difficult tasks 
iting the engineer today, and many at 
its have been made to devise a test for such 
ries. The principal difficulty has been in 
ig what variables are of importance. 
great care must be exercised when de 
Sig or selecting a machine for wear testing 
simulate the conditions of service. 
e present authors designed and built a 
e at the California Institute of Tech- 
in Which the conditions of sliding wea 
produced and which gave results com 
ite with actual field tests, but tests made 
machine require considerable time and 


specimens. Since one object of a lab- 


test Is to obtain comparative results in 
a time as possible under controlled 
ns, we have endeavored to find an accel 


est by which the resistance of materials 
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to sliding wear could be determined and corr: 
lated with service conditions. It is the intent 
of this paper to indicate a method whereby this 
objective might be reached. Preliminary tests 
have indicated that this method may give ré 
sults which are correlative with the wear resist 
ance, and it is the authors’ hope that this note 
may bring about some discussion and further 
investigation, 

fests made by us on our special machine 
first mentioned, indicated that in most cases 
wear takes place by the scratching of one mat 
rial on another, which in some cases (ck p nding 
upon the material) formed a series of grooves 
in the direction of motion. We therefore con 
cluded that valuable results might be obtained 
by observing the action of a hard point in 
scratching the surface of the materials under 
study. This at once brings to mind those meth 
ods for determining scratch hardness which 
have been devised by many investigators, nota 
bly Bierbaum. But the application of seratch 
hardness has not lead to any correlation with 
wear as evidenced by work of other investi 
gators as well as of the present authors 

In considering the mechanism of wear, it 
is apparent that energy is absorbed in friction, 
in the deformation and finally the removal of 
material from the specimen. It therefore seems 
reasonable that any test which may be devised 
to det rmine the ene rey absorlhe d im thr process 
If a dia 


mond point ground to the proper dimensions 


of wear will give correlative data 


and loaded with the proper weight, be drawn 
over a polished specimen at a very low velocity 
(thereby cutting and removing material from 
the surface) a force will be necessary to move 
the diamond and can be measured with the 
proper instruments. Knowing the shape of the 
point, the width of scratch, and the force ex 
erted, the energy necessary to remove a unit 
volume can be computed. 

Investigations on scratch hardness have 
shown that the corner of a cube is the most 
satisfactory cutting point, wherein the diagonal 
is maintained perpendicular to the surface be 
ing cut, and the intersection of two of the cubt 
faces forms the leading edge of the cuttin 
point. If the point is maintained in this man 
thr 


ner, the depth of cut is proportional t 
square of the width, and the volume of material 
removed is the product of the cross-sectional 
area and the length of travel The work re 


quired to scratch is the product of the force and 


the distance moved. The work per unit volume 








is then proportional to the force divided by the 


square of the scratch width, that is to say 

E A 

Ww 

where E is the energy required to scratch per 
unit volume of material; f is the force required 
to produce the scratch; w is the width of scratch 
produced by the diamond point and & is a 
numerical constant. 

In our investigations the specimens were 
prepared as for metallographic examination 
and mounted on a holder which is freely sup- 
ported on the carriage of a small lathe. The 
diamond is elastically mounted on the tail stock 
of the same machine. The specimen can then 
be moved under the diamond at a constant rate. 
The scratching force exerted by the diamond 
tends to move the specimen with respect to the 
carriage, but this movement is prevented by 
tving the carrier to a deflection beam fixed to 
the carriage. This beam is elastically held so 
that the deflection is proportional to the force 
required to move it, and is so mounted that it 
acts as an armature in a magnetic circuit. Its 
position may therefore be determined by the 
current induced in a coil surrounding the beam. 

The magnetic circuit is calibrated with 
known forces on the beam so that the force 
required to scratch can be determined. The 
width of scratch is measured at high magnifica- 
tion with a filar micrometer. The energy is then 
calculated as indicated above. 

Other work has shown that the relative 
hardness as determined by the scratch method 
may vary for different loads on the diamond 
point. For this reason various loads are used 
in determining the energy required to scratch. 
rhe energy can then be plotted as a function 
of the load and the results for various metals 
can be compared. Those requiring the greatest 
energy for removal of a unit volume of material 
should show the best resistance to sliding wear. 

The method described in this paper differs 
from the work of previous investigators in that 
the force required to produce a scratch is em- 
ploved in conjunction with the width of scratch 
made by the diamond of known dimensions. 
Heretofore investigators have attempted to 
make some correlation between the width of 
scratch and wear tests without success. 

Donato S. Clark 
Instructor in Mechanical Engineering 
R. B. FREEMAN 


Teaching Fellow 
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{mount of Force Required to Remove Measured 
{mount of Metal in Scratch Is Measured by Current 
Induced in Coil A by Deflection of Flexible Hold-Bac! 


Some New Wear Tests 


*YCHWEINFURT, GerMany In met 
practice the question of the relations 
wear and hardness of steel frequently 
It may be stated thus: “Under what « 
does the indentation hardness correspon 
Karl Sporkert has a 


this question very clearly in a reccnt 


wear resistance ? 


the German publication Werkstattst 
Werksleiter (May 15, 1936). 

Dr. Sporkert studied, in the fi 
eight hardened steels, all with high cat 
some alloyed with chromium or tungs' 
treated to great hardness. Samples \ 
the area of a Johansson gage block wet! 
with a given unit load and run fol 
against each of the iron and steel fact 
a grinding mill. A summary of thi S 


is given in the table, page 76. 


The microstructures of these 
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vn¢ last! ...and MOLY did it! 


>. - 


» 


WHERE is the foundryman who has not encountered 
difficulties with malleable-iron castings due to 
primary graphite —especially in parts where coring 
prevents rapid cooling of heavy sections? 

A founder of housings for a piece of apparatus 
subject to high-pressure loads had such a problem. 
Coring was complicated and sections were heavy. 
Rejects were 100%. 

The addition of .35% Moly corrected the trouble 
after everything else had failed. Rejects ceased. Moly 
not only made production possible, but made the 


castings even better than had been anticipated. 


Your cast-iron problems may be different. They may 
involve matters of increased toughness, or resistance 
to heat, or merely the production of high-test iron. 


In any case, it will pay you to investigate Moly — 





“industry's most versatile alloy.” 

Our technical book, “Molybdenum,” is full of 
practical information. Our periodical news-sheet, 
“The Moly Matrix.” keeps you informed as to the 
latest developments in Moly irons and steels. They 
and the help of our experimental laboratory are yours 
for the asking. Climax Molybdenum Company, 500 
Fifth Avenue, New York City. 


"™ cUTS COSTS 


CREATES SALES 
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Results of Wear Tests of Common Alloys When Run 
{vainst kach Other. Crosshatched area and numbers 
represent amount of metal ground off in 0.01 mm. when 


running under controlled and equivalent conditions 


showed excess carbide in rounded particles; in 
some steels the particles were larger than in 
others. 
No. 1 and No. 7 etched very slowly; in these two 


the martensite had been tempered high enough 


The martensitic background in all but 


so that the matrix etched darkly. 





numerous particles of chromium carbid 
microstructure. 

A second series of experiments w: 
on sets of hardened and annealed steels 
analysis. In these experiments it was 
that the hardness of two materials slidi 
each other is not the only criterion of wi 
the toughness and the tendency of thi 
pick up the abrasive are also factors. || 
toughness of the test piece is greater the 
of the roll or faceplate against which it ; 
the wear resistance of the test piece will 


increased to such an extent that particles of 


abrasive will occasionally adhere to its surfs 


and act as a protection. If, however, the 


ing material is embedded in the roll (as 


instance, in cast iron with its tough pearlit 


groundmass and its securely anchored p| 
phide islands), the toughness of the annea 
test piece is not as important as its hard 
when looking for the criterion of wear 

A third set of experiments to determ 
wear of various materials used in machin 
struction was made on samples of vellow by 
cast iron, nitriding steel, red brass, free-cutt 
structural steel. Tests on vat 


steel, and 


pairs of these metals showed that in thy 











A study of the figures for relative wear, ence of loose abrasive particles betwe 
hardness and micro- 
structure showed that - - 
» eriteri ar a 7 f le pen F A -or KOCK | KE 
the criterion of weal Stee, Analysis Neture sete 
. . . Lae rr 
resistance of various : | ; - | 
; 
hardened high carbon SO Water herdening toolstee/| C-64 
. . + ' #¢ / 140s / 7 
steels is the reciprocal p ie %C, 4%Cr Beall bear Ng Stee/ L-O4 
effect between the J LOL, SE %CN, 1.O%N Oil hardening too/stee C-6E J 
P ls7gyupr reyuN Enot Eniehina tnn/efee LAR 
grinding particles and yd ee ee IST THMUSTUNG LOOISTCCL | O-C 
: ‘ = v) No fr 190 fh ry, oft ; kK 
° . ra <£.U/0U j/k OU 4 @ STee C r 
the carbides in the a: Sicabiaeae aie aa et fog sitpesteny 
me O U0 OU, 5 ZU iG CSS Uiics'y *S m 
steel. The more seg- 7 | Johansson gage 64 
. | a - i 
regated or spheroid- 8 | Ze/SS gage 64 
. . 1 i 
ized carbide con- 
tained in the hard- 
ened structure and the harder these carbides surfaces, the tendency for them to adh 


are, the greater will be the wear resistance of 
the steel. 


The Steel No. 4, 
times the wear resistance of No. 1, 


as an instance, has four 
even though 
the hardness is only one unit higher. However, 
the Rockwell hardness is a measure of the hard- 
ness of the aggregate — principally martensite 
the of No. 4 


contains quite large particles of tungsten car- 


whereas microstructure steel 


bide (which is excessively hard). Again, steel 
No. 6 with hardness €-59.5 is softer than steel 
No. 2, better 


resistance, and 


a considerably wear 


to 


vet it has 


again due larger more 


the rather than the hardness ot! 
material being tested is the criterion ol 
resistance. (Diagram at the top of this pag 


It should be noted that even if no abras 


surface 


medium is used, one is produced autom 
in the form of a metallic powder, either b 


the lubricant occasionally does not co 


entire metal surface, or because solid 


are carried with the lubricant between the s 
ing surfaces. It should also be noted th 
tion oxidizes the metal parts, and iro! 


acts as a good abrasive (for instance, ro 


Hans DrerGartes 
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Let's check what you need in a 


PYROMETER! 





Let's check what Foxboro gives you. Fox- ness of Foxboro Potentiometer Recorders. 
boro gives you a dependable mechanism Give any Foxboro Pyrometer “the ear test.” 
that is mechanically and electrically simple. Listen carefully while it operates. It's almost 
fou get instant response to thermocouple noiseless. The Foxboro recording system 
temperature changes. Every variation in operates at moderate speed and yet gives 
lemperature is quickly shown. You get a you speedy recording. Wear is reduced 
guaranteed accuracy of “%4 of 1% of scale to minimum. 

range and a clear record on a 12-inch wide You'll find all the features, including the 
chart. Available is a comprehensive choice extra compensating slide-wire, described in 
of models and ranges to meet precisely your detail in Bulletin 190-1. A copy is yours for 
specific requirements and above all you get _‘ the asking. 

all of these qualities year after 

scale Shnaen agers ln a THE FOXBORO COMPANY 

52 Neponset Avenue 

the accuracy and responsive- Foxboro, Mass., U.S.A. 


Branches in 25 Principal Cities 


FOXBORO PYROMETERS 
ACCURACY FoxBORO RESPONSE 
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FORTHE TOUGHEST METAL WORKING CONDITIONS 
Get the RIGHT Cutting Oil 


D.A.STUART & CO. 


E. J. Edwards has been pro- 
Pe rs >a) i aa Is moted from it 
chief metallargi 
American Locomotive 
Mulholland @ 


ly research metallurgis 


for GEAR ROUGHING 


and GEAR FINISHING 


The many years experience of the largest 
gear manufacturers substantiates the unequalled per- 
formance and low cost of 


otuart's 
fared KU, 


eee > Y: d. Oct. 19, 1926 





When vour cutter cost seems unnecessarily high, or when the 
of your gears is being criticized by your inspectors or customers, valu- 
able time and money can usually be saved by getting Stuart's 


“THRED-KUT” Oil on the job. 


Order trial drum at once of this superior cutting 
lubricant. Use it for gear cutting according to special 
directions that will be furnished upon request AND 
WATCH STEEL, TOOL and FINISH COM- 
PLAINTS DISAPPEAR! 

Convenient warehouses and branch offices at principal 
industrial centers in the United States and Canada. 
Wire following address collect if vou do not have 
available our local address 


General Offices 


2725-2755 South Troy St Chicago, U.S.A. 


ESTABLISHED I865 


CHICAGO 


Warehouses in Principal Industrial Centers 
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a. WHERE HEAT IS APPLIED TO METALS 
~ in the highly specialized oil industry 














MAHR SERVES THE INDUSTRY FROM 
DRILLING TO REFINING 


The best in machinery is required in the op- 
erations of the oil industry. Here the pro- 
gressive manufacturers must constantly 
search for the most efficient methods and 
machines. Here you will find Mahr equip- 
ment doing a successful job. 


Pictured above are two Mahr forging furn- 
aces, used by a prominent manufacturer of 
oil well drilling parts. These furnaces repre- 
sent but a fraction of the many types and 
sizes built by Mahr for use in this industry. 


Sales Representatives in industrial centers. 


ENGINEERS « DESIGNERS « MANUFACTURERS 
ALL EQUIPMENT FOR METAL TREATING MAHR MANUFACTURING CO. 
MINNEAPOLIS, MINN., U.S.A. 
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Cast Cimet is a low nickel, high chromium-iron alloy especially 


suitable for sulphur-bearing fuel applications. 


to heat, corrosion, abrasion and 


as sea and mine water. 


many 


acid conditions, 


It is resistant 


such 


Applications: Pump parts used under acid conditions; 
radiant tubes and support brackets, oil burner parts, walking 


beam furnace shafts, normalizing furnace parts, roller shafts, 


etc. 


DRIVER-HARRIS COMPANY 


Harrison, New 
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Built 30% 
Lighter with 


USS MAN-TEN 


Mine cage goes 800 feet deeper 


without increasing rope pull 


HEN the skips and double- are of the same capaci 
deck cages for the El Potosi 30 lighter than the 
Mining Company of Mexico were’ made of ordinary steel 
built, the maximum rope pull lim- was not increased. 
ited the total hoisting distance to handle the equipment 
approximately 2,200 feet—as deep as before. 
as they thought the mine would go. \re you 
Subsequent developments showed dead weight 
that the ore body extended down ment? 
to the 3,000 foot level. How to 
compensate for the w 
additional rope necessa 
scrapping the hoistin 
was a problem. 
construction 


Man-Ten the 








Vertical ore stip and double-deck hoisting care of 
USS MAN-TEN. Buils by the Allis-Chalmers Mfe 
Company, Milwaukee, Wisconsin 


AMERICAN STEEL A WIRE COMP 4 hicagoa N 
CORPORATION, Pittsburat ic} r . COLUMBIA STEEI 
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UNITED STATES STEEL 
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Heat Treatment 


in a 


Magnetic Field 


by R. M. Bozorth and J. F. Dillinger 


Condensed from Physics and Electrical Engineering 


|! HAS BEEN KNOWN for many years that the 
magnetic properties of iron and silicon steel are 
somewhat changed by heat treating in a magnetic 
field. During the early experiments with perminvar 
it was found that the constant permeability for 
which this material is best known could be obtained 
only when there was no field present during the 
heal treatment, and that when a field of one oersted 
was maintained during annealing the maximum 
permeability at room temperature was 156,000 in- 
stead of the usual value of 1500. More recently it 
was found that the hysteresis loops for these speci- 
mens had square corners and vertical sides. 
In recent work, a series of iron-nickel alloys 
was tested in the form of small rings, annealed in 
Next the 


above the Curie point 


hydrogen at 1835° F. and furnace cooled 
ring was annealed 100° F 
for 1 hr., and during furnace cooling a magnetizing 
field of 16 oersteds was applied. Tests then showed 
that the maximum permeability (275,000) was 
found in a 68° nickel alloy, and this is the alloy 
with the highest Curie point (1000° F 


this with the maximum permeability of this series 


Compare 


of alloys, rapidly cooled without an applied field, 
of 90,000 for the 78 permalloy (78° nickel-iron 

By applying the magnetic field at various stages 
during cooling it was found to be effective from 
just above the Curie point, where the alloy becomes 
magnetic, down to about 750° F., the lowest tem- 
perature at which internal rearrangement (re- 
crystallization or diffusion or plastic flow) takes 
place rapidly enough to be noticeable, but most 
effective in the range 950° to 750° F., provided the 
Curie point of the alloy is above the first mentioned 
temperature 

Calculations from experiments with relaxation 
time and plastic flow indicate that the lowest tem- 
perature at which the heat treatment is effective 
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can be identified with that at which pla f) 


begins to occur as the result of the forces 
When 


iron is magnetized its length increases by 


into play by magnetostriction. 


amount and its diameter corresponding 
tracts. This is but one example of a larg 
effects exhibited by all ferromagnetic bodi 
the metal deforms without change in vy 
fects known collectively as “magnetost 
There is also a close converse relation | 
external stress, internal strain and magneti 

Our data all support the plastic flow hypoth 
mentioned at the outset of the paragra; 
above, provided we can show how plastic 
the presence of a field increases the perny 
in the direction of that field. In order t 
stand this, a more detailed consideration must 
given to the changes that occur in the local 
and their relation to the changes in magnet 

We start with the idea, proposed by \ 
many vears ago, that a magnetic material is 
posed of small domains, whose volume is 
order of a 0.001-in. cube, in each of which t 
terial is magnetized to saturation in some d 
In iron and 65 permalloy this direction is 
the cubic axes of the crystals. In an unmag 
polverystalline specimen, in which the crysta 
oriented at random, some domains are magn 
in every possible direction. As the field is ap 
in a certain direction, the magnetization o! 
cubic crystals in most of the various d 
changes by 90° or 180° to another crystallog 
axis more closely aligned with the field 

Now consider what will happen to thes 
sions as the material is heated above the n 
transformation point. More specifically let us 
a region assumed spherical, for conventen 
is above the magnetic transformation point 
which will form a magnetized domain when 
below this temperature; it will then becam: ‘ 
netized along one of the cubic axes, but as 
so it will tend to change its shape. If tim: 
lowed, it may actually assume, by plastic 1] 
its neighbors, the ellipsoidal shape approp! 
magnetostriction; or, it may do the equivalent thing 
and flow plastically within its own bounda! 
lieving the magnetostrictive stresses in this v 

Suppose when the material is cooled ft 
temperature it is magnetized in a direction 
opposite to the one this specific domain na 
assumed during slow cooling. The magneti 
this domain will then reverse by 150° to one 
other stable positions more closely aligned v 
field. No change in shape will occur dut 
change in magnetization. If, however, still 
temperature, we apply the field in the 4 
normal to the last mentioned, the dom 
change its magnetization 90° along another 
the cubic crystal and tend to change its sha 


(Continued on page 86 
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MISCO “Centricast“ Furnace Conveyor Rolls 


(Centrifugally Cast) 



















O mechanical joints are used in the manufacture 
\ of Misco **¢ ‘entricast”’ Furnace Conveyor Rolls. 
The end castings are flash welded to the centrifugally 

st tube. Misco “Centricast” furnace rolls combine 
ht weight with rugged strength. our inquiries are 

ited. . . . Michigan Steel Casting Company, 1980 
Guoin Street, Detroit, Michigan. 
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Heat and Corrosion Resistant Alloys 
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_ Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 
2 


Car type furnaces,Conveyor fur-_ 

naces, and the Stewart Gasifier 
* 

A Stewart representative is located 


near you. Let us know and we will see 
that he gets in touch with you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 


FLEXIBLE SHAFT COMPANY, Ltd. 


349 Carlaw Ave., Toronto, Ontario, Canada 
Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 
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{ Technical Service 
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devoted to the men in the 
Metallurgical field. This 


service provides a complete 


A-B Specimen Cut 
ting Machines 
A-B Bakelite 
Presses P 5 
A-B Specimen line of Metallogra phie 
Grinders 
A-B Specimen ; 
Polishers , - . . 
— apparatus such as that listed 
A-B Specimen é ; 
Holders in the panel to the left. 
Metallographi« 
Microscopes 
of Bausch & 
Lomb, Leitz and 
Car! Zeiss 


equipment and accessory 


All inquiries will have our 
close personal attention. 

\ new booklet describes 
this personalized technical 
service. “Metal Analyst”. 
Volume Il. 1936. 


ADOLPH |. BUEHLER 


228 N. La Salle St. Chicago 





doth I Buchler 
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Heat Treating Magnets 


(Starts on page 8?) 
this change will be opposed by the mechanica 
straints due to the surrounding material. 

If in another experiment the material is co 
rapidly enough through the magnetic transfo: 
tion point down to a low temperature, thers 
be insufficient time for any change in shape to 
cur by plastic deformation and the domain 
maintain more or less its original spherical fi 
In such a condition the magnetization of 
domains may change by 90° or 180° with eq 
facility, whereas in slowly cooled material 
domains can change by 180° easily but by 90 
with great difficulty. This case can occur, for 
ample, in 78 permalloy, the permeability of wl 
is higher after rapid cooling than after slow « 
ing; the additional probability of 90° rotations 
creases the number of domains which can easil\ 
aligned with the applied field. 

The effects of slow cooling within a magneti 
field are now predictable. When the polyeryst 
line material passes the Curie point, the don 
will align themselves as nearly as possible witl 
field, consistent with the restriction that they 
be magnetized in one of the easy directions 
is, along a cubic axis of the crystal. The st 
produced by magnetostriction will be reli 
temperature and time allow, allowing the d 
to assume shapes that permit very easy magnet! 
tion in the same direction (or reverse directio! 
that imposed during heat treatment) but of! 
large mechanical resistance to magnetization 
to this direction 

For expository purposes the spherical ck 
were assumed above to become spheroidal by 
nelostriction. ‘The theory also holds for th 
native assumption that either the boundaries 
domain are changed by plastic flow or the m 
inside adjusts itself to the unchanged bounda 
Considerations as to relaxation time indicate tl 
it is only necessary for readjustment of aton 
lions to occur within regions containing 
atoms for the whole domain to become stress-! 

Some confirmatory evidence for this 
is from an X-ray investigation of lattice dis! 
at the National Physical Laboratory, England, a 
reported in its 1985 vear book. In permanent! 
net steels one condition which tends toward a hig 
coercive force is the presence in the crystallites 
a high degree of lattice distortion, while in tra 
former steels such distortion should be absent 
low hysteresis loss is to be obtained. In addit 
in transformer steels the X-ray analysis sugg 
that it is advisable to prevent as far as possi! 
the breaking up of the individual crystallites | 
mosaics whose components differ slightly in 


tation. 
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y NEW INVERTED 
—_ UNIVERSAL 
ona | MICROSCOPE 
For Bright and Dark Field 


Metallography and Macro- 
Photographic Work. 


ZEISS METALLIPUT 
S 














Convertible for Use With 
Transmitted Light. 


Infinity Corrected Objectives. 
3%%x4 “%or5 x 4” Camera. 
Vibration Proof Mounting. 


Descriptive Leaflet Micro 519 
With Prices U pon Request. 


CARL ZEISS,Inc. - 485 Fifth Ave. - New York 


PACIFIC COAST BRANCH: 728 South Hill Street, Los Angeles, Calif 



































KANTHAL’'S PROBLEMS in HARDNESS eae 0 
Solved at Minimum Cost Our Bulletins Tell How 
For L00% portable hardness testing for metals the 


“DOUBLE HEADER” SCLEROSCOPE is used the world over, described in our 


bulletins S-22 and S-30 
ECONOMY For testing rubber our bulletins R-4 and R-5 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 


send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use 














M2 compact units are possible be- 
cause less material is needed when 
Kanthal its used Required heat is attained 


with less bulk because of Kanthal’s higher 
electrical resistivity 
Kanthal D will produce more units per pound 


because its specific gravity is 15% lower 


than that of nickel chromium which is more 
commonly used Its electrical resistance 1s 
7A 


24° higher 


Che 
C. O. Jelliff Mfg. Corp. Bs -.-a 


| Southport Conn THE SHORE INSTRUMENT & MFG. CO. 
: . 


Van Wyek Ave. & Carll St. Jamaica, New York, N. Y. 
| = 
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Words of a 
| famous man 
of the 


ing industry ““We do not cut prices, 


weld- 


we only meet competition.”” WHICH 


DOES NOT EXIST. 


Art-Welding Electrades 


for welding all corrosion and heat resist- 


ing products. Send for data book. 














URATH| 


7300 UNION AVENUE: CLEVELAND 


Columbia 


piete) ey 


Users of Columbia Tool 
Steel have now exceeded 
their peak 1929 purchases 
by more than 25%. 


Added production fa- 
cilities enable us to offer 
new standards of service 
as well as material. 


































COLUMBIA TOOL STEEL COMPANY 


WORKS 


MAIN OFFICE APF 


500 €E 14TH STREET. CHICAGO HEIGHTS. ILl YOI'S 
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Permanent Magnets 


(Continued from page 68) tion of the first 1 
tioned, the data so far reported on these n 
rials vary rather widely both as to composi! 
and properties. Standardization into a 
recognized and useful types for commercia 
plications has not yet been accomplished 
probably will not be until considerably ) 
exploratory work has been done. 

Of the above alloys, (a) has the advan 
of slightly higher coercive force and resid 
induction than 36° 
chinability, slightly lower density and lower « 


cobalt steel, greater | 
It has the disadvantage of greater brittlen: 
Alloys (b) and (c) have coercive forces m 
larger than those of 36°. cobalt steel and resid 
ual inductions hardly as high, with still low 
density and cost, but they have the disadva 

of being neither forgeable nor machinable. Thi 
use is therefore confined to magnet des 
which can advantageously be cast. 

The above alloys may, under proper cone 
tions, be made to produce good magnets 
cast condition without further heat treatm: 
but in general, a high temperature solution ly 
treatment terminated by an oil quench a 
followed by a precipitation heat treatment 
required for best and most uniform magnet 
quality. The iron-cobalt-molybdenum alloy is 
machinable before and after the solution hea 
treatment, but not after the precipitation heal 
treatment. 

It is possible to make magnets by the process 
of compressing and sintering the powders o! 
the constituent metals. This process may also 
be applied to the production of magnets fro! 
the oxides of the constituent metals. The metal 
lic oxide magnets have the peculiar property 


' 


being greatly improved by being magnetized 
at an elevated temperature, and the improve 
ment persists for subsequent remagnetizat.ons 
Nominal magnetic pro} 
erties of magnets made of iron and cobalt oxid 
are B 1000; H 300 to 1000. 


Other alloys which have been reported 


at room temperature. 


tol 


clude an iron-platinum alloy with coercive 
H. of 1800 oersteds and a residual induct 
B, of 4000 gauss, an alloy of neodymium W! 
1300 oersteds and a silver-ir 


+} 


iron having H 
alloy with H 


residual induction is so low as to preclud 


5000 oersteds. In these cases | 


possibility of commercial usefulness. 


‘ 


> on 
Page rere) 




















|‘minate 


QUENCHING OIL 





DETREX 











CONOMY in handling and machining parts after 
heat treatment requires thorough cleaning. All 
quenching oil is quickly and cheaply removed by 
Perm-A-Clor or Triad, the stabilized solvents, in a 
Detrex Degreasing Machine. Parts come out clean 
and dry. 

Write for new folder on Degreasing. 


DETROIT REX PRODUCTS CoO. 


Formerly Rex Products & Manufacturing Co. 


Alkali, Cleaners and Strippers. 
13019 HILLVIEW AVENUE 


DETROIT, MICHIGAN 











Or DEPENDABLE 
AIR..... 


Rugged, simple, built by men who 
know how, “R-C” Positive Dis- 
placement Blowers assure a con- 
stant supply of air under needed 
pressures. Volume, always in 
proportion to speed of operation, 
may be varied to suit immediate 
requirements. 


ROTARY 
POSITIVE 
BLOWERS 











TOMORROW'S | 
ENGINEERING 
APPROVED BY 
YESTERDAYS 
EXPERIENCE 
. 


Ay ' 


CONNERSVILLE 
BLOWER 4 
CONNERSVILLE, INDIANA 
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BATHS 


For Bluing, Blacking, Anneal- 
ing, Hardening. Case-harden- 
ing, Re-heating and Spheroid- 
izing Carbon Steels, Stein- 
less Steels, High Speed Steels 
The entire range of heat treat 
ing requirements Working 
temperatures from 275 °F. to 
2500 "fF Shipped in steel 
drums of 100 of 250 Ibs. ca- 
Every blade 56 to 58 pacity 
Rockwell C REPRESENTATIVES 
Mr. R. C. Jordan, 18th and 
Individual inspection indiana Ave., Philedelphie 
Penn 
After tempering every Mr. C. M. Vincent, 1627 West 
blade 52 to 54 Rock- Fort Street, Detroit, Mich 
well C Mr. John D. Waite, 456 Pop- 
lar Avenue, Elmhurst, til 
Mr. John H. Johnson, Birch 
wood Ave Holbrook 
Mass 
Mr. F.C. Holmgren, 137 War 
wick Ave., Stratford, Conn 
Mr. T. N. Holden,1219 Gilen- 
Holden Stainless Stee! wood Rd., Brooklyn, N. Y 
Mr. A. F. Blackwood, 1360 
Hardening Bath is doing W. Clifton, Cleveland, O 
it Mr. Frank Coupeal, 51 Wood 
ward Ave., Buffalo. N. Y 





STAINLESS 
CUTLERY 


Hardened at 1875° F 
oil quenched 


After mirror finishing 
every blade perfect 
when subjected to cop- 
per sulphate test 


A.F. HOLDEN CO. 


METALLURGICAL ENGINEERS 
NEW HAVEN? CONN. 








Data Book on Temperature 


Indicating and Control . . . 







RADIO 


PRINCIP Send the ¢ oupon 





Wheelco Instruments Company 
1112-14 MILWAUKEE AVENUE CHICAGO, ILLINOIS 


Please send DAT 1 BOOK No ubligati 

Name Position 
Company 

iddress 


Caty State 


Kom me 
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Control 


—right from . 

b g fro sion was made to handle a continuous striy 
the otart film containing, say, 10 or 20 determinati 
for — to facilitate development. The quantitat 


system employed was particularly 





BASIC 


ing from selection of the’ calculated and the alumina contents 


tained by stopping down the grating. 


(Continued from p. 63) film exposure is 
Pri 


mass production, as it did not necessitate 


obtai 


suite d 


controlled development or calibration of fil 
as is the case in those employing photomet 
In analyzing the films, four aluminum lines a 
eae erhnianrd four attendant iron lines were measured, rat 





Grating Spectrograp); 


ELECTRIC melting charge to the finished from a graph prepared once and for all ‘ 


STEEL condition is the N. F. & O guar- standards. The averaging of four independ 


readings on aluminum and iron made for 


FORGINGS antee of quality si forgings fur- accuracy much better than 90°. of the alumi 


nished to your specifications — content. 


Smooth Forged, Hollow Bored, 


Rough or Finished Machined. tually include the determinations of silicon, 


cium, magnesium, and manganese all fron 


NATIONAL FORGE & ORDNANCE CO. single film. This is possible, since all of thes 


elements occur in this ore in the order of 


IRVINE, WARREN COUNTY, PENNA. U.S. A. 











occurring in the order of O.01°,, the 
would probably be greater than that 
by chemical methods. 

One other application is worthy 


mineral survey work or prospecting. 


CRUCIBLE STEEL COMPANY J... tin 
ALIQUIPPA, PA. . g analytical spectrograph; 


position it so rightly deserves. 
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general sensitivity and the wide rang 


described above. Routine procedures 


ing, the spectrograph is assuming a 
greater and greater importance. The 


tion and spectrogram, since the sample in 


ol 


of 


are 


ploved which assure accuracy and allow a1 


rol 


ultin 


metl 
the 


Extensions of this technique should ey 


1. 


Minor constituents such as titanium, chromi 


and zine would require a separate arcing op: 


case could not be diluted. For these eleme: 
ACCUI 


attaines 


ment, namely the use of the spectrograp! 
Its | 


of much value. In fact, this method is accept 
in Southern California by engineers and ass 
ers alike as an economical and thorough met! 
of investigation, and service is maintained 


several laboratories utilizing the equipme: 


ses to be made at a price comparable to o 
methods offering much less adequate resu 
In metallurgy and its sister industry, n 


goal, of course, is to establish a simplified ¢ 


eral spectrographic method which will tra 


| 
TT 


S 


ments detectable provide approximate analyses 




















How Much Time Do You Spend 
| Looking Up Physical Properties? 


@ How often have you spent hours at a time in 
search of exact physical property data on a par- 
ticular steel? How often have you tried to find 
this information in the volumes of already pub- 
lished data? 
Every one who works with steel knows how this 
information is scattered through the four corners 
| of the metal industry. Now, for the first time, this 
data is concentrated in one authoritative reference 
book — it is available at a glance in 
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®@ The “Steel Atlas” is an authoritative new refer- 
ence book on the physical properties of popular 
steels and steel castings with charts presented in 
three colors. Compiled in a new and unique man- 
ner and illustrated with thirty-five attractive 
graphs, you get at a glance the properties of steels 
as affected by carbon content, alloy content, heat 
treatment, tempering treatments and other in- 
fluencing factors. 

For the first time, engineers, designers, metal- 
lurgists, chemists and others engaged in the use 
of steels can have in one compact volume the 
authoritative physical property data they need. 
You will want this accurate reference book to 
physical properties of S.A.E. steels, cast steels, 
plates, rounds and 18-8 stainless steels and sev- 
eral of the new high tensile strength steels. Send 
order and check today. 


90 Pages, 842 by 11, very heavy paper, 
blue cloth binding, $2.50 


Published by 





| 


‘American Society for Metals) 


7016 Euclid Avenue Cleveland, Ohio 


American Society for Metals 
7016 Euclid Avenue 
~leveland, Ohio 
The “Steel Atlas” 
end me one copy. 
52.50 is enclosed. 


will save many hours of my time. Please 
Check or money order in the amount of 


Name 


Address 




















Attention... 


HEAT TREATERS 


D E S PAT 4 H ANNOUNCES 


A NEW DRAWING AND 
TEMPERING FURNACE! 


Despatch will exhibit at the National 
Metal Exposition in Cleveland a radi 


gas fired convected air 


This 


cally new type 


drawing and tempering furnace 


furnace is especially recommended for 
high capacity production and dense 
loading 
The new furnace incorporates in the 
design 


FASTER PENETRATION THRU DENSE LOADS 
GREATER PRODUCTION CAPACITIES 
BETTER CONTROL ACCURACY 
GREATER COMPACTNESS. 
LOWER WORKING HEIGHT. 
GREATER OPERATING FLEXIBILITY 
GREATER OPERATING ECONOMIES. 
NEW TOP LOADING FEATURES. 
INCREASED HEATING SPEED. 
POSITIVE WORKING UNIFORMITY 


And many other amazing features at new lower prices. 
If you are contemplating the purchase 
of a new drawing or Tempering Fur 
nace, postpone action until you sec 
this new remarkable Despatch Furnace 


in operation at National Metal Show 


Visit our Booth in the Gas Section. See 
and be convinced of the outstanding qual- 
ity of this New Despatch Furnace. 


DESPATCH OVEN Co. 


MINNEAPOLIS MINN., U.S. A. 
RESIDENT ENGINEERS IN PRINCIPAL CITIES 
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High Speed Steel 


Controllable 
Atmosphere 
Furnace 


Without a Muffle 


Miuflle is not necessary with our 


method of Firing and Venting 


Clean Hard Work 
Speed... Economy 


Results 





No 


vented to eliminate chimneys 


fired and bottom 


action and infiltration of at- 


High Speed Oven Furnace 139 over 


mospherie air Patented neutralizing atmosphere burners 
combust any small percentage of unburned air remaining 
in the products of combustion, thereby making it possible 
to turn out work with a minimum of seale and free from 
decarburized surfaces 


May we 


AMERICAN GAS 
FURNACE CO. 
Elizabeth, N. J. 


a Represe wives in Principal Cities 


have your inquiry? 





























Quick Cleaning with 
PANGBORN EQUIPMENT 


for all heat-treated parts, gears, etc. 


It's easy to clean scale, rust and dirt, quickly and 
economically, from castings, forgings, steel sheets, 
tubings, etc., with Pangborn Blast Cleaning 
Cabinets. Small manually operated outfits for 
small work. Automatic production cabinets for 
continuous handling. Send for new “Quick 
Reference Catalog. 





PANGBORN CORPORATION 


The World's Lergest Monofecturer of Biast Cleaning and Dust Collecting Equipment 


HAGERSTOWN - * * * MARYLAND 





Vetal Progress: 





Appraising Sheet Metal 


(Continued from page 48 
rolled according to a definite type of rolling tr 
be held to 


drawing quality by holding to set limits of ot! 


ment can a satistactory uniformity 


physical properties, particularily hardness 


dynamic ductility. To compare different types 


zinc, it has been found absolutely necessary 
make either a true drawing test or to condu 
commercial trial. 

Several of those present at the above dis: 
sion mentioned the matter of grain size. The « 
clusions of a topical discussion held by an A.S.1 
subcommittee on Sheet Steel (A. L. Davis, cha 
man) are of interest in this connection 

] Production and use of cold-rolled = shy 
and strip made of “inherently fine-grained” st 
is in an early stage, and verified data are meage 


2. In some instances superior properties ha 


been obtained from “pre-aged” or “fine-grain 


steel, which justify its use for special purpe 


There seems to be no advantage in its general | 


» 


3. Today several producers 


are In a posil 
to furnish “fully killed,” “pre-aged” or “stabilize 
steel in sheet or strip, but such material is sor 


what more costly and hence is not used wher: 


dinary rimming steel gives satisfaction. The f1 
dom from strain aging is advantageous, but 1 
leveling of rimmed steel sheet before fabricat 
accomplishes the same end. 

t. Other things being equal, the fine: 
grains of ferrite the smoother the surface ol 
formed part made therefrom. Also, the finer t! 


grain the higher the vield pressure and the g! 
the forces required for stamping and drawing 
spite of this greater hardness, instances have b 
recorded of deep draws made with fine grain 

>. When talking about grain size, it is ne 
sary to distinguish between the actual grain s 


and the inherent grain size. Thus, with ordi 


rimmed steel we may have cold-rolled steel o! 


markably fine grain, due to its history of | 


essing. Actually, cold-rolled strip steel genet 
is of quite fine grain, as supplied by the produ 
Thus a fully killed steel of inherently fine ¢ 
may not be notably finer in actual grain siz 

ot 


though it always Is somewhat finer. 


the corresponding sheet made rimmed = s 

6. “Inherent grain size” refers to the aust 
grain size resulting from a specified heat treatn 
It will be modified by subsequent hot work an 
cold work, and also by annealing. Thus, the a 


cold-rolled 
indicate 


shee ts 


th 


grain size in commercial 


strip steel does not necessarily 


herent grain size.” It is not yet known to 
extent the superimposed effects of hot and 
work and annealing overshadow the “inhe 


properties of the steel. 
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Save Heat— Save Fuel — with 


INS EEE Ree 


I 





A light-weight ilar INSULATING REFR TORY : 
tg neat-absorbing rick-~a { t a 
here to 2500 
For Monolithic Furnace prsnngfitnepdllendMbiccdinaar edge Shields — Dampers, Etc. 
a gs al a ascs, al repay ¢t stot INS ULCRI 


Cut Down Heat Storage Losses —Save Weight — with 


ee 


INSUL( 


ating 


INSU i "RE TE. st 
Reduce “Heating Up” Time—with 


4 
a 
mecting ti a 
heat 


to }4 thet 
¢ g 
ation and low 


Production — Increase Furnace Efficiency —with 


Speed i 


Reg U.S. Pet Off 


i 





INSULCRETI 
available for work 
Tcas ‘ 


CRETE, i 
1 of 100-150 F. 7 


Save Time, Labor, Money — with 
lt ta t ) | a tp ur 


~t an INSULCRETI 


pe toot. A t 
into place. INSULCRETE ca 
ram in plast R 
+a a if 
riquetre, and detailed 


a\ ry’ A 
s fastct i 
320-B, sample br 


tw ct Ix 4 " 
Write for Bulletin 
recommendations covering any application you may have in mind 


QUIGLEY COMPANY. ac 


56 West 45th Street 
A COMPLETE LINE OF eg aa ag and SULA TEES PRODUCTS: ) 
Quigley Specificat F Br Pa., N. J ey Heavy-Duty Super-Refr 
sht we € nsulatir brick) INSULBLOX () } t * 
iene of HYTEMPITE— The World's Standard High Tempe 
in Important Industrial Centers throughout t.S. A., Canada, and i 
Q5 


rs with Stocks and Servic 


Distributo 
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UNITED SCREWS AND 
HEVI DUTY FURNACES 


Thal 


In the plant of the United Screw & Bolt Co., 


basket after basket of screws pass in and out 





of a Hevi Duty Vertical Retort Furnace as 
part of their daily production schedule. The 
use of this furnace provides them with a car- 
burized product, high in quality, at costs 


lower than with other methods. 


Send for Bulletin No. 931-1 





Removing a basket of Carburized Screws, 
United Screw & Bolt Co., Cleveland, Ohio 


HEVI DUTY ELECTRIC CoO. 
MILWAUKEE HEWEDUTY WISCONSIN 


HEAT TREATING FURNACES 
« ELECTRIC EXCLUSIVELY » 
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Porosity in Tinplate 


(Continued from p. 35) by an optical method 
sufficient to penetrate to the compound layer int 
mediate between pure tin and steel base, and ¢ 
tals of FeSn, were seen in some of the depressi 


Scrull bands are defined as narrow bands 





which the tin coating is contaminated by the in 
sion of minute particles of scruff or FeSn,, whic! 
are visible as microscopic excrescences in the coat 
ing. The bands run across the sheet at right angk 
to the direction of tinning. 

Scrull bands have been seen on all samples 
tinplate so far examined carrying less than about 


2 Ib. of tin per base box; they have not been cd 





tected on tinplate carrying more than 3.5 Ib. of tin 
They are usually discernible on finished plates, but 
can be seen more readily on sheets withdrawn from 
the top of the grease-pot prior to cleaning. Scruff 
bands appear on both sides of the tinplate, although 
not coincident in position. The average distance 
apart is related to the roll diameter and number of 


teeth in the driving pinion, suggesting that irregular 
































impulses, produced by chatter of the grease-pot 
rolls, or by slight periodic slip between the rolls and 
the tinplate surfaces, are responsible. By continued 
contact with molten tin, these rolls acquire a 
loosely adherent coating of iron-tin alloy crystals, 
some of which would tend to be transferred to the 
tinned sheet by variations in pressure or uneven 
movement of the rolls, thus forming scruff bands 

Transverse ripples are defined as narrow chan 
nels (about 0.020 in. wide) in the tin coating, run- 
ning in a direction approximately at right angles to 
the direction of tinning; they are fairly sharply 
delineated and easily visible. They are usually 
wavy or curved and may occur singly or in groups 
of two or more close together. 

The maps suggest clearly an association ol 
pores (actual and potential) with scruff bands 
This may be due to one or more of the following 
causes: (1) Periodic thinning of the molten tin 
coating by irregular movement of the sheet with 
respect to the rolls, which may rupture the film ol 
tin bridging crevices that are not filled with tin 
or covering areas that are not wetted with tin 
This suggestion would imply the presence of such 
areas over the whole surface of the sheet. (2) Local 
exposure of the intermediate alloy layer, due t 
deficiency of tin (as, for example, in grease marks 
This alloy layer has been shown to be highly por- 
ous. (3) The presence of crystals of hard iron-tin 
alloy (scruff) in the soft tin coating may be a poten 
tial source of porosity. Many examples of iron-tin 
alloy crystals of a width greater than ten times th 
thickness of the tin coating have been seen. Han 
dling or cleaning of the sheet would be likely 


dislodge such crystals, leaving gaps in the coating 





